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PREFACE TO THE SECOND EDITION 


In tho preparation of the new edition of tliiB book an attempt Hms 
been made to bring the information up to dale by inelndmu liu' 
results of recent research and invention^ whde at the >-anio time 
retaining the features of the hrst edition. 

Since the publication of the first edition ap immense amoiuit of 
purely Bcientdic reseandi work lias been canied out which is beyoiitl 
the scope Of the present volume. Roi tnnately, however, theie u 
the less reason to include an account of this work inasmuch as the 
purely scicntifio aspect of the subject has been ably dealt with in 
Gulliver’s Metallic Alloys and Desch’s MetoUoijrniiInj. 

The necessity for a now edition npficfus to justify the autlior’s 
belief that there is some dianand lor a hook whudi deals with (he 
practical ?;ideof scientific research, and which cn(lca\nurs*to tian" 
late the icsiilts of such reseaich and leiulm lliem intelligible to 
tho practical man 

The author is again indebted to many friends for \alnabl(' 
assistance, For many of tin' illustiations he lias (o t hank .Messis 
Zeiss, Reichert, Tlio .Morgan (kaicible Co, The [amdon Fmi'rj 
Works, Alldays <li Omons, and the Piesident and Couneil of the 
Iron and Steel Institute. [>astly, he wishes to thank those 
friendly critics wdm have made simLO"'tionb for tho improvement 
of the book. Such sngui"'tions h,i\e been adopted wJieievor it 
was possible to do so without alteiiiig the chaiailei .ind .s^ope 
of the volume, 

E. F. L. 

MaNiHI'siFR \hlfh I'.'lt. 


PUBhlSHKRS’ NDTETD TIlIKD.hItITloN, 

TiiK war has (h'moiisliated the mmiciiNi’ \,(l'n' m Micntitie 
research translated into piaetiei', ‘and this Dmik. with othci^ nf 
our “ Recent Research llandliyoks, ' lia.s pioM'd of gieat ^el Mt c. 
so (hat the iHiition has been exhaiisti'd ^iiddcnh, and thi' .nithoi 
IS too nipeh occupied to make roMsioii, and thi-i lepiiut i-^ iNstud 
l/cv 1917. 

[lUltrialed [01 Fouith Fdtiion \ 
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FTFvST EDITION. 


1 1 ' is now ii'‘ II 1 V sov('ii yi' irs vinrc tlu' lati' Sir AVilliain (I IIoIkmIs- 
Aiist.cn :isk(;ii th(‘ .lutlior nf tins ImmIi c (who v,,is at (li.il lime liis 
assisDinl;) (o holp iiiiii in tin' jiioji.nalion of a l)ook on Alloys 
Unfortuiiatoly that woik was no\t'i conqilctod, tor hcioro it had 
ad\,in('(‘(l bi'\ond the piclnninaiy '-ta^rs. the illnoss lioin whu;h 
Sir William had been sntleinm (oi imnaled fat.dly, and (he science 
of nu‘(allurL''V lost its most, Inilliaiit e\']>onent And so it is that, 
lotheiceict of all his admiua''-, tln i a imio eompu'lK'iisive treatise 
on till' subject ol alloys b_\ (he m.in who ni;ide it a lifclono study, 
and who did inon' than .my other to raise it to the important 
position which it occupies at the piesent time. It was at tir''t 
hoped tii.it the woik miyht be eompli ted, but the a\ad.ible material 
wa.s insiiHicient and too disconnected to be siiit.ibh' tor tlu' piiiposes 
of a textdiook, and (In' inoji'ct had to be abandoned Subseipiently, 
at the reipicst of the publishers, the author uudeitook’to wiite a 
book on Alloys to till the i;ap in their McLalljiroie.d .Senes 

OuriipLt the last iVw yr.us.an enormous amount of resiMich work 
has bei’ii eariu'd out with the obmet of deterilumii'r t4ie nature 
and phvsical properties ol allo\N, and much valnablc mfoimation 
has been accumulated. This infoimation, which de.ds mainly 
with the simple alloys of two metals, is sc.itteied thioiiohoui 
the luimi'i’ous periodicals and pubbc.it ions in wjiich the oiium.d 
coiniminications have ap|)('.ireH, and u[) to the [uesent no attempt 
ha.s been made to collect the l^cts or ‘to apply them to the moie 
complex commercial alloys. 

Moreover, much of the work*is of a purely scientifii' naturi', and 
written in a stile which is haidli calculitrd to appo.d to those 
who are not in close touch with ri'ciatL ad\ anecs in j'hisieal science. 
The manuf.ictuier, for example, ^m.a\ be leaddi i veused foi 
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hesitating to plunge into the intricacies of solid solutions, hyper- 
futectics, solhlus curves, and phases. In this volume, therefore, 
an attempt 'has been made, first, to siunraariso the existing state 
of our knowledge of mixed metals, paying special attention to 
the general principles and essential facts while omitting all 
unimportant d'dails , and s/^condly, to apply that knowledge to 
the industrial alloys in everyday use. An attempt has also been 
made to present the' subject in such a manner that it will be 
intelligible not only to the student but also to the manufacturer 
and the engineer, for whom, indeed, the volume is primarily 
intended. 

The comphde freezing point curves and the photo-microgra{)hs 
have been made a sfiecial feature of the book, and it is hoped that 
they will pio\e useful. The freezing-point curves have been 
entirely /eploltcd to one uniform scale, so tliat they ai’e strictly 
comparabh', while the photogiaphs, with one or two exceptions, 
are taken fiom s.imjiles of commercial alloys and not from small 
saiujiles made m the laboratory It will also be noticed that the 
magnifications employ^id are in most cases 100 and 1000 diameters 
respectively. Expeiience has shown that these magnilications 
fulfil all that IS imct ssary in the great majority of eases, but the 
important point is that the inagnilicatiou should always be the 
same, so tliat the mind may easily and instinctively compare the 
size of gram, constituents, flaws, etc. Tlie imporlanee of this is 
not siitHeiimtly appreciated, and it would be well if authors would 
adhbre, as tar m possible, to certain standard magnifications. 

The colour photographs reproduced in the frontUpioco, illustrat- 
ing the heat tinlu'ig of alloys, were taken by tbe author on Lumiero 
iiutoclirome plat' s, and were the first examples of the practical 
application of colour photography to metallography. 

The author desires to expt^ss his gratitude to many friends for 
kind assistance, piore especially to Mr H. Lagerwall of the Phosphor 
Bronze Comi)an\, ..iid Mr Parsons^of the Manganese Bronze and 
Bra.ss Compaiiv, wlio have 'kindly i upplied him with samples and 
information; Mr A. J. Williams, who has sujiplied samples of 
rnagiialium alloys, and Messrs (j;lrl Zeiss and \\ . Watson, who 
have supplied the illustrations of photo-micrographic apparatiia. 
'I’o Mr .1, 11. Blakesley the author is indebted for many useful 
suggestions and kind help in reading and correcting the proofs, 
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IX 


Lastly, the author thankfully acknowledges his great indebted- 
ness to his friend the late Mr Bennett H. Brough, whose technical 
and literary skill and large experience were ever available in all 
matter^ in which counsel was sought. In the press of his owij 
exceptionally busy life he always found time to help, and yngrudg- 
ingly gave of hm wide knowledge. TJiis generous a-ssistance 
and unfailing kindness will ever remain the pleasantest memory 
connected with the piepar.ition of this vobiiiie. 

EDWARD F. LAW. 

Jmuai-y 1D09, 
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ALLOYS. 


CIIAPl'EK I. 


INTRODUCTION. 

Thkrb ha^ been.sorno ditforence of opinion as to the origin of the 
wojfd alloy, but according to Robertg-Austen it is derived from the 
'Word alligo {ad ligo), “to bind to,” and rofera to the union 
binding togetlier of the metals constituting the alloy. 

.brom the earliest times alloys were produced accidentally by 
4he simultaneous reduction of mixtures of metallic ores, but there 
■ IS little doubt that the first metals to be intentionally alloyed 
Yfore the precious metals, and more especially gold, and it is 
.^ually certain that these attem])t8 tojilloy the precious metal 
of a fraudulent character, and carried out with the object of ' 
^roduoing a metal which might be substituted for the pure metal, 
long those fraudulent but suooessful practices were carrieii 
without any adequate moans of detection it is impossible to 
received their first check when Archimedes con- 
the brilliant idea that all bodies when immersed in water 
^U9tr/displao0 their own volume of water irrespective of their 
and that their weights in water would be less than their 
air by the weight of the water* thus displaced. From 
jlio argued that if gold werl alloyed with another metal itis 
could be deteotod by Jeter mining the displacement in^ 

I add the story of his ddte^tiou of the addition of an alloy 
^l^ld used in making the king’s crown is too well known to 
""“"Stition. 

jyijig of gold and silver plays a prominent port through* 
isdtir? history of the metaU^ and this *probabIy acoounta.. 
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for the fact that the word alloy, as ordinarily used in the English 
language, siguiliea a depreciation or lowering of valne^' Thus we 
frequently read of “unalloyed pleasure” and “unalloye.d happi- 
ness/’ and the definition of the word in some dictionaries is “ to 
add base metal.” To the metallurgist, however, the word conveys 
a very difterent meaning, and the olyoct he aims at in alloying 
metals is to produce a new metgl whose properties shall be superior 
to those of the metals of which it is composed. 

Probably the most satisfactory dolinition of an alloy is that 
which describes it as “a mi.xtuio of two or more metallic sub- 
stances which, after melting, does not sep.ir.ite into tw'o distinct 
layers.” But commercial cutiTpiise refuses to bo bound by 
definitions, and so we find commercial alloys which on cooling 
do separate into layers, if special precautions are not taken to 
prevent them doing so , and as t he object of tins volnmh is to deal 
with the cointiiercial alloy,-, we must perforce tiiid a definition 
which will inelti'le them. For tins purjiose, tlu-u, we will define 
an alloy as “a coheiont metallic mass produced by the intimate 
mixture, whclher by fusion or otlieiuiM', of two or more metals 
or metullic substances.” By the addition of t!ie words “ metallic 
sulistances” the definition may be made to iiieludo those alloys of 
the type of phosphor-copper which are really alloys of a metal 
with a definite coinponnd (such as pho.spliide of copper) whose 
appearance and propel ties may he regarded as mt'fallic. 

fl'he importance of the study of metallic alloys is evident when 
wo consider the e.xCbnt to winch tiiey are employed and the eom- 
paratively limited uses of metals in the pure state. Iron, for 
example, in tlic pure state has a tensile strength of only 16 tons 
per sq. in., and even the use of wrought iron, which is the purest 
commercial form of iron, is comparatively insignificant compared 
with the use of steel, which must he regarded os an iron alloy. 
is true that coflper in a»pure state is employed for a number of 
purposes, but the amount of^p^e copper used is only a fractiofi* 
of the copper used in the form of bronze, brass, German sUyfiSV 
and a number of other coppv alloys. Gold and silret 
practically never employed in an unalloyed condition. . Lea^ 
zinc, tin,, nickel, and aluminium are all used to ^certain ext^t i», 
the pure state, but their alloys account for a very large proportiioift 
of the annual con^mption of these metals. 
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Preparation of Alloys. — In addition to the obvious method of 
fneltfingjtogether the component metals, alloys may be prepared 
iD'SeveraJ other ways. Some of these are of purely theoretical 
interest, while others have been, and are still, used commercially, 
T'he methods of preparation may be regarded as six in number: — 

(1) By sublimation or condensation of metallic vapours. 

. (2) By compression. 

(3) By diffusion. 

(4) By electro-deposition 

(6) By the simultaneoiis reduction of two or more metals. 

' (6) By simfile melting of the constituent metals. 

(1) Sublimation or Condensation of Vapour, -i'he formation 
of alloys by condensation of metallic vapour is rare, but such cases 
have been observed to occur in furnace products, and it is probable 
that certain alloys which are found in the native state have been 
formed in this way By the decomposition of mixtures of the car- 
bonyls of iron and nickel, alloys of the.se metals may be produced. 

Alloys may also bo formed by the action of the vapour of one 
.ragfcal U[X)n anotlier. Thus cojiper exposed to the action of zinc 
vapour is rapidly converted into brass. An example of the 
practical application of this projiorty to coimiiercial purposes is 
to be found in the so c, died ‘‘dry gah.im.sing ” process knoMn as 
Sherardising. In tins process the zme vapour alloys with the 
iron or steel and forms a perfectly adlienmt coating. 

(2) Compression. — In 1878 Spring showed that if metals ii a 
finely divided state are subjecte'd to prc.^sure tfio particles unite to 
form a solid mass, as though they had been melted, although the 
iCtttal rise in temperature, clue to the increase of pre.ssurc, is 
inconsiderable. The pressure required to cause particles of metals 
to unite in this way depends upon the nature of the metal, but 
iilie, following figures have been determined for so^cral of the 

metals 


Lead 

Tin 

Zinc 

Antimony 

Aluminium 

Bismuth 

Copper 


19 

,38 

38 

38 

38 

3:f. 
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With iDcreasing pressure the metals can bo forced through, a 
hole in the base of the compression chamber in the form of wir$, 
la the case of lead and tin the pressures required to effect this aref 
33 and 47 tons per sq. m. respectively. 

If now, instead of compressing simple metallic powders, mixture 
of different nlotals are subjected to the same treatment it should 
be possible to produce alloys, and Spring showed that this is 
actually the ease and tliat true alloys are so formed. Thus- a 
mixture of bismuth, lead, tm, and cadmium in the proportions of 
15, 8, 4, and .‘1 parts respectively gave a fusible alloy whie'b melted 
at 98°, a temperature no loss than lower than the melting- 
point of the most fusible of the const itueut.s, tin, which melts 
at 232°. 

(3) Diffusion,- The dilTusion of metals a ill be eonsidered hater 
in some detail, and it is only necessary'' to p(unl out’ here that 
alloys can bo formed by the dilbision of solid metals in contact 
with one another even at ordinary tempeiatures, as shown by 
Roberts- Austen in the easi' of load and gold. 

(4) Electro deposition ---If an elecfric current i.s passed through 
a solution containing two metallic salts it is pe^sible, under suit- 
able conditions, to obtain the two metals depo.sited at the same 
time in tlu’ foiui of a inu' .liloy, it is only pos^ll»le to obtain the 
propea’ conditions with a few combinations of metals, but the- 
metliocf is used comim iciidly to deposit lirass from solutions cotiA 
taining copper and /am-, and was at one tinu' employed for cdectro- 
plating with alloys Sif sihaa’ and eadmiiiiu in place of purd silver 
From a commercial ponit of mow the proces.s prasents many 
difficulties, and is only piacticahle in the ease of a limited numbej; 
of alloys. 

(5) SirnultanemiK Reduction of Metals - This is the primitive 
method by which alloys were m.ode long before the metals of wf^holl 
they were composed wew- Known in the free state. Thus 

^ Was well known and largel \ uscl|j long before the metal nafto 
known, and in later times the regular method of making 
known as the “calamine method* consisted in reducing 
in the presence of metallic copper. A still more recent 
Cation of the method is to be found in the productiew/j^, 
alumiDiurn bronze by the Oiwles’ process, in which the 
of almpinium was carried ouf in an electric furnace in 
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•of metellio«opper wliioli irnmodiately alloyed with the rodiicefl 
aiuminiurn. 

Aithough many of those processes are now obsolete, a number 
-pfalloye are still manufactured by the simultaneous reduction of 
two metals. Fcrro-rnangancse and spicgeleisen are.mauufsctured 
m the blast furnaco by the siinultaneoii.s iwlnction of iron and 
mAnganese ores, winle ferro-,;liromo, ferro silicon, and ferro- 
phosphorus are made both in the blast furnaco and in the electric 
furnace; and ferro-titanium, ferro alurainimn. and more complei 
alloys (such as ferro-alurainium sili.-idc and ferro calcium silicide) 
are made in the electric funun-u 

An iiitereating cxainplo of the icturu to ancient mctiiods in 
the production of alloya.is to Ijc found m tlio case of Monel metal 
an alloy cpusistiug csscntudly of nickel ,in,i coppe, which is 
largely used in Ainonca uii.l is »bia„icd l,v siiicllni’g to-cther 
the mixed nickel and cojtcr ores as they occur „i the mmes at 
Copper Cliir, Oiilano. By tins mc.ui.s it li.is hccii found po.ssil)le 
to produce an alloy p„,ssossiiig valu.ibic physical properties direct 
from the o.c without n.curriug the expense of lirst separating 
and refiniiig the metals and then alloying them u, suitable 
proportions. 

Another method ot prodiieuig alloys by simult.aTicoiis reduction 
to Which some reference must bo ui.ulo ,s that commonly known 
M the Goldschmidt or thermit process, v.hich depends on the 
powerful affinity of aluminium for oxygon, aljeiobv it is able* to 
OTmbme with the oxygen of many olhet mel.dlie oxides, leaving 

thus”- 

.30u() + 3.M = 3Cu + AI;0,. 

■Meat produced by the reaction is io ^rcat tlia^ if the oxide is 
aWojy mixed will, granulated al.minium and l.oated in a furnace 

violoiiec and a 

must be adopted of controlling tlie reaction. The usual 

«Wes 

^^dnoed Is mixed with the calculated quantity of granulated 
^^lum and placed in a crucible which I, as been previously 
«With ^gnesia in order to resiqt tho high.temperature. On 
J^ft^sqfthe mixture is placed a small heap of an ignition poWder 
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made by mixing powdered aluminium with an easily reducible 
oxide, such as l)ariiim or sodium peroxide, and into this heap is 
inserted a short piece of magnesium wire or cordite, ddie ignition 
of the magnesium wire is sufficient to start the reaction in the 
ignition powder, which is then communicated to the mixture in 
the crucible. When the reaction is fairly started the remainder 
of the oxide to be reduced, mixed with the requisite amount of 
aluminium, is slowly charged into the crucible. If this is carried 
out properly the reduced metal will settle to the bottom of the 
crucible under a layer of slag consisting of fused alumina. This 
method is of much service in pi-eparing alloys, as many of the 
oxides of the rare metals are readily reduced by aluminium; 
but it IS often difficult to obtain the met-als free from a certain 
amount of aluminium. On the other band, the metals and alloys 
obtained by this process are entirely free from carbon, which for 
many puiqioses is a very im])ortant considciatioii. The heats of 
formation givim in the following table will indicate the relative 
roducibility of the oxides, and a simple calculation will give the 
heat evolved during the I'caction. Thus in the case of the 
reduction of inckid oxide 

;mio + 2AU-:mif Ai/),, 

we have the heat of formation of Al/)., (l.‘ll 2 x 3 393’6) 
leas the heat of formation of 3NiO rcijuired for the reduction 
(61 ‘f) X 3 — 18 1 '5), leaving 209’1 calorics. This excess heat has 
been employed in the welding of tram rails and emergency 
repairs of all .sorts of fractures, as the operation can be carried 
out wherever required and quite independently of the existence 
of furnace.s. 


IIkat Fohmation of Oxiuks. 


Magnesium (iMgO) . 


. 145 '5 calories, 

Calcium (taO) 


146'0 „ 

Stroiitunii (SrO) 


i3ro „ 

Alunnniuni 


131-2 „ 

Barium (BaO) . 


124-2 „ 

Sodium (Na^O) . . 


100-9 „ 

rotawjiiim (K,jO) 


98-2 „ 
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Silicon 

90 '9 calories. 

Boron 

90-9 ,, 

Manganese (iMiiO) . 

90-0 „ 

Zinc (ZmO) 

■Si-s 


70 () ,, 

Cadmium (CdO) 

(hi 3 ,, 


6r> 9 „ 

Tungsten 

6ri7 „ 

Cobalt (CoO) . 

04 -5 „ 

Nickel (NiO) . 

til-f) „ 

Aiiliiiiony j 

TiSoj ,, 

Arsenic ^ 

r*2-i „ 

Lead (PbO) 

50 8 „ 

Lismuth 

46-4 „ 

Co]iper (Cu,/)] 

48-8 ,, 

Itlcicury (llgO) 

21 -5 „ 

Silver (Ag_,0) . 

7-0 „ 

Non \Ikt\i,s. 

Carbon (CO) . 

C)^ 2 ,, 

lIy(liogen(ll,0) . 

5S 1 ,, 

Ph(>s})li(inis ( ' 'j 

73 1 * „ 

Silicon 

90 9 „ 

Sulphur (^^2 j 

3fb „ 

(6) Melting the Constituent Metals.— All the > 

voAl-known alloys. 

such as bronze, brass, th'rinau silver, pewter, 

and other white 

metal alloys, gold and silvi'r alloys, etc., are 

made by melting 


together the metals which are to ho •tiUoyed.* 'hhe melting is 
nearly always performed in enjoihles ; Imt m a few cases, where 
large ingots or castings aio required, rin erl»eratory furnaces are 
employed. 

Reverberatory Furnaces - 'I'lieso furnaces, whicii are capable 
of melting several tons of metal, are coal tired, the consumption 
of coal when gun-metal is being nu'lted amounting to about 
20 per cent of the weiglit of thoVhaico H'lio metal is tajiped 
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into ladle?, which are taken by overhead cranes to the easting 
•floor. The following charge sheet of a 7-ton furnace, melting 
No. 1 Admiralty gun-inetal, is given by Primrose, and wdl serve 
as an example of reverberatory melting practice : — 


Charge Sheet of 7-ton Heverreratohy Furnace. 


Gliarge. 

j Coppoi. Tin. 

Ziiic, 

Lead. 


4.: ^ 





i2§ o -SS 


t/j c 

fl jr? C 

Material 


o 

43 0) 

te ■- 

S s 


g Oi 5; os; 


o i 

o 


1 eu p. fiw j a. 

p. 

P. 

ft. p- 

Shoj) . 

20 1 87 8 1,7.00 9 0 , 190 

2-0 

40 

0-7 14 

Boiicht-in scrap . 

r>9 ! i r>,0'14 1 8A , oOl 

.5 0 

29.5 

1 0 1 59 

Macniiie bot mgs 

20 87-7' 1,7.04' 9.5 190 

2-0 

40 

0 8' 1 10 

Coppei iDgot--. 

.iCllOOOl 8,000 ... 


... 

1 

Tin ingots . 

.5] ... , . 100-0 1 500 

_ 


... i," 

Total . 

140 ... 12.151 . ];181 

■Jl 

075 

89 

Average calcnlatcfj > 

80 8 .. ' 9-S7 ... 

2-7 


0 03 

analysis 




.---L 

Actii.il analysis . 

87-9 ... 9-5 ... 

! ' 1 

2-0 


loooj.. 

Charged, 10 a.ni 

1 . to 12 noon ; tapped, 4.30 p 

i.m. 




Fuel consumption,' oO cwts. (Spluit coal). 

Crucible Furnaces. — The crucibles used in tlic manufacture of 
^lloys are either made of fireclay or of a mixture of fireclay and 
, graphite. The former are used for the melting of iron alloys, 

■ where carbon plays an important part in the composition of the 
alloy; while the latter, which are knowm as graphite or plumbago 
crucibles, are u.scd for alloxidisable alloys, such as those of copper. 

The furnaces in whicli the crucibi^^s are heated may be either coke, 
gas, or oil fired, tlie type most commonly employed in this oountry; 
being the old-fasliiuned, natural , draft, coke-fired pot fumaoB/ 
Several of these furnaces are arranged in a row at the floor lel^L; 
the flues running into a main flue connected with the stack. , . Jli-; 
front of the furnaces are the ashpits, covered by a grating- ojCf 
which the meltors ctand. Fdr crucibles containing more\thaH 
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100 lbs. of metal and which are drawn from the fiiniMco by crane 
or 'pulley blocks, the furnace top should be level with, the floor; 
but for cjrucibles taking less than 100 lbs. and which are with-^ 
dr^iwn by hand, the furnace top should bo about 10 ms, above 
the floor level, so that by jilaemg one foot against the furnace 
the melter can steady himself and use Ids strength to greater 
advantage. The consumption of coke in natural draught, coke- 
'flred furnaces is about 20 to 25 lbs per 100 lbs. of brass melted. 

Instead of using a number of comparatively small crucibles, it 
is often desirable to employ one huge crucible , and to avoid the 
difficulty and danger of liandling large crucibles full of molten 
metal the crucible is fixed in the 
furfiaco, which is so coiistrncted 
that it can be tilted and the 
metal poured into a prolieated 
ladle or direct into the moulds 
Forced draught is employed, 
the air, at a piessiire of U to 
2 ins. of waO'r, being siijiplicd 
by means of a motor blower or 
fan. One of the best known of 
these furnaces is the .Morgan 
tilting furnace shown in fig. 1. 

This furnace is constructed on 
the.regenerativo principle, tlu' incoming aii- and waste gasi'S passhig 
through pipes arranged concontncally m sucli a way that the air 
travels in a spiral direction round the flue and becomes heated 
before entering the furnace A jirelieater is fitted to the furnace, 
and by means of a handle and cam can bo easily raised and swung 
free from the furnace before skimming and pouring. A special 
fe«ttiire of this furnace is the tilting device, which is so arranged 
that the axis upon which the fiirn|ce is tilCbd is immediately below 
spout of the crucible, so tin c the pouring-point is constant. 
0iiier types are made with portable bodies which can bo removed 
’Icj any part of the foundry by moans of an overhead crane 
gTIlVconsuraptiou of fuel in these furnaces is very much lower 
the old fixed tv])o, and at the same time the life of the 
ofeiMeS is very materially lengthened. It is reckoned that the 
iu,0rucib]os amounts to about §5 per ccn*L., and the saving 



Fuinute, 
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in fuel at least 10 to 15 per cent. In a series of trials the average 
life of a (;rucible when melting brass was found to be forty-six 
heats; and when used for ordinary foundry purposes,, melting 
gun-metal, phosphor bronze, etc., tlu' average life of a crucible of 
400 lb. sue was found to be close on forty heats. 



AiLijflVo ra.iciB^E (,A . rijroi;.cr 


Fkj. 2. AlMays’ (Jas-fiind ('riieiblc luimd.co. 

The following iigures have h‘'en given by Hughes as showing 
a day’s work of a crucible tiltnig furnace in a railway foundry . 
The fuel used was Durham coke containing 9-35 per cent, of 
moisture. 

Both lift-out and tilting typi's of furnace may be fired by oil 
or gas, the selection of the fuel depending u[)on the conditions of 
supply and the alloy to be molted. Fig. shows a stationary 
gasdired furnace by Messi?; Alld.avs and Onions, and fig. -•■3 a 





tilting furnace-by the same -firm suitable for gas or oil. Fig.' 4 
is another ,type of oil-fired tilting furnueo by the Morgan Crucible 
Co. Another type of oil-fired furnace, which resembles -a reverr 
.beratory furnace on a small scale rather than a crucible furnace, 
ie the Charher rolling furnace shown in figs. 5 and 6. It ig 
cylindrical in form, and is mounted on two cast-iron standard^ 
having half-bearings, so that the body of the furnace can be picked ' 



Fm. ^.-AlIdays’TiltfiigFurmic-' foi Oil or Oas. 

up by a crane wjien desired. For this purpose the furnace may 
be fitted with a forge'd steel joke. A blast of U to 18 ins. 
pressure is used, and the consumption of oil for general foundry 
work is said to be two to three gallons per cwt. of metal. . ’ 
In America, where oil is readily obtainable, it is very large^ 
used, but in this country the low price of coke has hithef|o, 
prevented any serious competition by oil in spite of its 
advantages. However, recent improvenmnts in the deflign.of 
furnaces have greatly increased their efficiency, and ip 
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oases they are taking the place of coke fiml furnaces 
sjhe'WB a twin - chambered 
stationary furnace in which 
the waste heat from one 
'ohamber is led into a second 
chamber and utdised foj 
preheating tlio second 
charge of nu‘tal. Fig. 8 
shows the Huess lilting 
furnace, in which the com- 
pressed air is led into tlic 
base of the furnace so that it 
becomes heated and at tin* 
same time tends to cool (hr 
bottom of the furnace where 
excessive heating and destnirtidri of tli 



i’'. Oil liuid Tilting Tuinace. 
lining most commonly 



Fig. 5 - Charlier Rolbng Iniiiiaee. 

’ The heated air is then pa^ed thiough the oil chamber 
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and renders tins oil more fluid, thus preventing troubles due to the 
clogging of the burner. The saving in labour when using oil- 
fired furnaces is considerable, as the calling of fuel and removal of 
ashes is dispensed with, and no stoking of the furnace while in 
operation or removal of clinker, etc , after tlio'da) 's run is necessary. 

/\ 



I'lG. t).— Clmilwr l^hhng Furnace foi hfling by Crane. 


In both oil- and gas-fired furnaces the ease with which the 
temperature can be rdgulated a great advantage, and the 
recovery of a charge in the event of the breaking of a crucible is 
a further advantage, especially in the melting of the rarer metals. 
Much depends, however, on the nature of the metal to be melted. 
Thus there is a prevalent belief among many melters of aluminium 
that in oil-fired furnaces it is difficult to prevent sonous oxida- 
tion of the metal, and pressure gas is now being largely used in 
aluminium foundries, as it if> claimed that by its use oxidation 
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troubles arc rodneed to a mmiinum. On the other liarid, there 
18 little doubt that in tlie melt inti; of ^old and silver the losses 
due to vojatilisation are >;r('atei in tras-lirod fiii'iiaci's tha*n in those 
using coke. These ('xanijiles aie merely (jiioti'd in order to show 
that many factors come into |)l,i\ in the melting of the ditl'erent 
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metals, and those factors must be eonsideied in the soleetion oi a 
fuel suitable for the jiaitieular imdal or ailoy to ht melted. 

Electric Furnaces. --Mleet no l^un.iees are now largely used in 
tho manufacture of liigh giade steel, and so much has been said and 
written in praise of them, ihat ipany bra^sfoiiiiders a[)pear to be 
under the impression tiiat all Ilnur troubles would disappear if 
they had an electric furnace suitable for lirass melting It may 
he of interest, therefore, to describe brielly the types of electric 
furnace now in use, and to consider ^lie hues upon which develop- 
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ments are likely to proceed, and the prospects of success of the. 
electric furnace for the moltin- of non-ferrous metals and alloys 



1’ 10 . 8.-Bue.s8 Oil-iired Tntiiig Fin nace. 

^ The furnaces in use at the j, resent tin.o are usually divided 
into two ehsees, v,z. (1) arc, or more correctly electrode, furnace,’,- 
and (2) induction furnaces. ^ 

Arc, or electrode lumacevu.ay, for the sake of couvemeu(nv .i,t 
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further dividod into thioe <<iou|)s. In the fir.st of thcM*, of which 
the Stassiino furnace hIiowu in tig. 9 is the most faindiar.example, 
three carbon olecirodos enter tlie furnace at a slii^ht inclination 
from the horizontal, and the hath of inotal is heated by radiation 
from the arcs which are formed immediately above tiie surface, 



t 

and which are directed downwards The heat is intense, but 
local, and tho furnace is gmierally rotated in order to mix the 
naetal and ensure homogeneity, although it is not certain whether 
this is actually necessary. The obvious weakness of tliis type of 
furnace lies in tho excessive local heating of the upper part of 
the furnace, with consequent destruction of the roof, and also in 
the liability to fracture of the boriXonlal electrodes. In the 

2 . 
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second type of arc furnace, of which the best known representative 
is the Heroult furnace (ahuwn in fig. 10), the carbon electrodes 
are arranged vertically and at some distance aj)ar(., so ,that the 
arc is formed between the surface of the bath and the electrode,, 
the current passing through that part of the bath lying be- 
twceii the electrodes Owing to their size and vertical position, 
break agi's are less 1 sable to occur, and the (dectrodes themselves 
atlbrd some protection to the roof from the intense iieat of the 



Fm 10.- -.Section of lleroult Electric Fmuace. 


arcs. The ma.ximum heating ell'ect is on the surface of the 
metal, and this is the ideal condition for a refining furnace in 
which the nhiiing operation dejiends ii))on chemieal rcadtiotis 
taking ])laee Between ‘the slag and the metal, kor example, in 
the relimng of steel in which tlio object aimed at is the removal 
of sulplmr, the intense lieat of the elect rie. arc enables a higblj 
refractory slag containing as much as 60 per cent, of lime to bfi 
used, which readily combines with the snlpluir in the steel wttb 
the formation of caloinni sulphide, k’or the simple melting of 
metals, however, where no Hux is used, the local heating of 'tb^ 
arcs is a serious disadvantage. 
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In the third type of furnace, rc{)rcHentod by the Cirod furnace 
(fig, 11), the cuncnt enters tin* furnac(' by vertical carbon 
electrodes j but insti'ad of leaving by similar ciccti odes iis m the 
case of the Heroult furnace, it jias.scs through the molten uH'tal 
and leaves the fnriiaoo through water cooled iron elcctiodos 
embedded in the bottom of tin furnace. 

The are has l>cen described as a lu'crssaiy evil of the electrode 
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type of furnace, and this is to some extent trtui, inasmuch as the 
heat is applied locally, and therefore at a vorv much hie her 
'temperature than is reipiired. The aim of the designerH of the 
. more recent types of furnaces lias^therefoi*i# Ixam trf minimise the 
'excessive heating of the arc and to apply a pait of the heat to 
the metal by some other means. The Diiod furnace, by reducing 
the. number of surface ares, was the first step iii this diroetinn, 
:^pd the Nathusius furnace is the latest. This is circular in form, 
has three carbon electrodes suspended vertically in the 
,<^rpace, and three bottom electrodes of mild steel embedded in 
, h^rth. Both^ top and bottom elftetrodes ait) arranged in tiiG 
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form of a triangle, and the up])or ones aro so arranged that they 
can be drawn up when tlio furnace is tilted— a precjintion which 
considerably diminishes the number of bieakages. Tha current 
employed is a three-phase alternating, of an} eonvenient ficquency, 
and IS supplied to the furnace through a step down oil transformer 
which reduces the voltage of the mains to that of the furnace. 
Different systems of connection are employed, which need not bo 
described in detail , but in each case the cuirent is caused to flow 
not only between one upper electrode and another, or between 



one bottom electrode and another, but also between the upper 
and bottom electrodes. One system of connection is shown in 
fig. 12. Not only is the bath heated by the arcs on the surface, 
and by the passage of the current through it, but also by the 
heat generatoif in the bottom of the furnace due to the passage 
of the current between the bottom electrodes. 

In spite of all efforts, however, the local heating of the arc is 
not eliminated, hut only lessened, and at the expense of simplicity 
both in design of furnace and in electrical equipment. 

Induction furnaces, — If a coil of copper wire through which 
an alternating current is passing is placed in position near a 
second coil, hut without toiiching it, a current is “ induced ” “m 
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the Kocnnd coil. The loss of power is small, ami the respective 
currents may be vari(}(l at will, as they are inversely [)ro|)miioiial 
to the number of tuuis m the wmJm^s. This is the pimciple of 
the transtormer, by means of which it is possible to transform 
currents of low voltaL^o to hi^di voltai^e and vice cc/.sn. It is 
obvious that the seccmd.iry cod may consist of any iinu of metal, 
and if such a ring is contained m an aiiiudar cimablc or health, 
and the resistance of the cm rent induced in it is sulheicnt to 
raise the tem[)<'rature to the meltm','-point of the metal, tlu-n the 
transformei becomes an indiiclion fninaeo. 

From the electrical point of view the induction furnace is very 
much more efficient than tin* arc fuinace, but from the metal- 
lur^dcal point of view it sullei.'. from sermus disadvantages quite 
apart from its hiuh initi.d cost fii the lirst place, the annular 
shape of the crucible is far -from ideal, especially where refining 
operations ha o to be carrital out depending upon reactions 
between metal and slag. In the second place, the furnace can 
never be completely emptied. A cold charge does not form a 
sufficiently good conductor for the secondary current, and it is 
tberefoie iieeessaiy to h'avc a portion of the preceding charge in 
the furnace This means that it is im|)ossiblo to u.so the furuaco 
for mi'ltiiig allots of varying eomjiosition. In order to minimise 
the first of these disadvanteges, the loMdiling-Rodenhauser furnace 
has been Imilt with tevo or three .umular crueibh's, instead of one 
as in the case of the Kjellin and Flick furnaces, wimdi meet in 
the centre of the fuinaei', tonnmg ati open *^pae(‘ in which the 
necessary opm'aiions can he (•■■irried out. The furnace is shown 
in section and [ilan in figs Id and 1 1 

trom the foregoing brief description of the oleetrie furnaces in 
use at tlie present tiim', it will he seen that Imnaces of the arc 
type are essentially lelinmg furnaces, m which the heat is com- 
municated to the metal tin ongh a layer of*slag While this may 
be an ideal condition for such operations as the refining of steel, 
it is of no Service in the melting of alloys, for which purpose 
the intense local heating of the arc is totally unfitted On the 
other hand, the feature's of the induction furnace which have 
militated against its adojition in the mannfaeture of steel are of 
little or no importance in the molting of alloys, and it is to this 
type of furnace , ^01 some modificafion of it in which tlu' heat 
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is developed in the inotal itself by resistance to an electrio 
current, that the mannfactmer of alloys must look for the 
successful electric melting furnace. 

It can, in fact, bo claimed that the induction furnace is alieady 
being uscil for the melimg, if not for tho manufactuK', of alloys; 
for in some of the Contiimntcd steel works it is being employed 
for melting ferro-mangane^e, as it is stated that considerable 
oconomii'S can be eUccted by the addition of ferro nianganese in 
the molU'ii slate to the bath of steel. Whetiuu* this is so or not, 
tho fact that an alloy so osidily oxidisablo as fcrro-mangancsi' can 
bo maintained m a molten condition for any length of time is 
suflicierit proof of its ada[itability to tho melting of alloys. But 
most alloys possess a liigher conductivity for electiicity than 
ferro-mangaiiese, and this is p('iha[»s tho weaki'st part of the 
mduction • furnace. In eider to molt alloys which otler littlo 
resistance to tlio passage of oleetricity, very large currents must 
he employed to raise tho tempeiature snnicioiitly to melt them 
An ingenious furnace has l>een designed by Dr darl I lei mg, in 
which he utilises one of tim plumomena observed in tlie induction 
furnace, and known as tho “pinch ellcct ” 

Wlien an electric current Hows through a molten conductor the 
olectrornagnetic forces coming into play cause it to contract lu 
cross-section, and if one part of the oonduclor is already smaller 
in cross-section than tlie lost (a condition which freipieiitly occurs 
in an induction furnace, duo to the repairing of tin* criieihle), and 
currents of largo amperage are being employed, the contaaetion 
naturally takes place at this point and may lead to an actual 
rupture of the conduetoi and interruption of the current. Tins 
contraction of lapiid conductors lU tho phenomenon known as the 
“pinch ctVect.'’ As long as tho conductor is not actually broken 
the pinch ell'ect may he utilised to eiiect circulation of the metal. 
The contraction of tho conductor causes the mct^^l m the centre 
to flow, and, as the conductor is*iow smaller than the containing 
vessel, fresh metal flows in tolill up tho s[)<iee. Hence the motion 
'takes place in one direction m the centre of the conductor, and m 
the opposite direction on tlie uutside, as shown by tlu' arrows in 
fig. 15, In the llcrmg furnace watci -cooled electrodes are 
imbedded in the furnace, aiKheonnoetion is maintained with tho 
; ttjain mass of metal in tho criiciiile by im^uis of two narrow 
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channels filled with the metal to bo melted. It is in these channels 
that the heat is generated and from them the mass of metal in 
the oruciWe is kept in motion. Fig. 16 shows diagrainmatically 
the main features of the Henng furnace, in this case adapted for 
bottom pouring. Owing to the small sectional area of the channels 
the metal in them is readily heated without the use of heavy 
currents. Moreover, as soon as the metal in the cliannels is melted 
the pinch elFoct causes the hot metal to be squirted into the 
crucible and its place taken by cooler metal, so that complete circu- 
lation and uniform heating of the metal in the crucible is ensured. 




It is too early to speak with any .issurance as to the practical 
working of tins furnace, but it certainly appears to combine the 
advantages of the arc and induction furnaces without their dis- 
advantages. There is no eveessive local hc.iting as in the case of 
the arc furnace, the Inait being generated in the metal itself as in 
the case of the induction fiiinace. Unlike the induction furnace, 
however, the transformer does not form a part of the furnace, 
where it is always liable to damage by hot metal, etc., but is 
completely detached. lMirther,<the metal can be melted out of 
contact with air or furnace gases, so that ovulation troubles should 
be reduced to a minimum 

As regards costs, the consti notion of the furnace is simple and 
the initial cost tluu-e.foro low. The electrodes being of metal are 
cheap, and aie not Imrnt away as in the I'asc of carbon eh'ctrodes, 
which form smdi^.a sm loiis^itcin in the co.sts of arc furnaces. 
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Working costs are said to he low, ;uid ilisclamu'd that 10 kw. hours 
are required to molt 1 cwt. of hi.i^^s, oi, taking the cost of current 
at ^d. per kw -hour, hd. per cwt. 

In the manufaetiire of alloys on a largo scale it is not always 
easy to produci' a mixture ef uniform conijiosition even with 
careful stirring, and in practu’c it is oftiui consideicd desitablo, if 
'not necessary, lo re-melt the alloy .v si'cond time, d'he didiculty 
is greatest when the metals to bo .dloyed have widely diti'erent 
melting-points, and is still fiirthei increased if one of the metals 
is volatile. In older to reduce this ditlieiilty to a niinimiim the 
pure metals are not melted together, hut previously made alloys, 
whose composition is known, arc used to make the final alloy. 
For example, in the case of Corman .silver, which is composed of 
copper, nickel, and zinc, the zinc molts at 419“ and the nickel at 
1427*, and it is evident that if the three rnotala were placed m a 
criicihle and riiscd to the mici'ssary tcinperatuie most of the zinc 
wamld be lost hy volatili.sation before a uniform alloy was obtained, 
To overcome this diflieiilty Ccrniaii silver is made by melting 
together an alloy of ciqipiu- and nickel, usually containing 50 
per cent, of eacli metal, and brass. The copper-nickel alloy has 
a lower mclting-poinn than pure nickel, while the brass has a 
higher melting-point th.an zinc, and the melting-points being 
thus more nearly alike the. metals ar(> more readily alloyed and 
the loss of zinc by volatilisation is very materially veduced. 
Another diTiculty nmt with in melting metals to form alloys is 
the liability of the metals to become ()\idisod,.and this subject is 
of such importance that ft de.servi's some consideration. It is 
well known that .some metals are capable of absorbing, dis.solving, 
or alloying with considerable quantities of their oxides with most 
injurious results, but this behaviour of metals towards their 
oxides is of more common occurrence than is generally siqiposod. 
The intliionce of oxide on a molten metal,may be.readily scon by 
melting a small quantity of copper in a crucible without taking 
any precautions to prevent oxnlatioii. The metal wdl be found 
to be moderately fluid, but if a small quantity of phosphor-copper 
is now added to the mol ton mel.-d the ir.Mui'ase in the fluidity of 
the metal is remarkable, end cannot fail tube noticed. For some 
time this increase m the fluidity of a metid was not properly 
understood m its pr.icti. al u[q)lic,.«(i()ns, and. when alummium 
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was first Tisi'd as a dooxidisor for stcid it was commoniy. 
stated that tlu; ('Ifoct of tlio aluniinium was to lower the 
meltin<;-p()int of the steel. Measurements of tlie meltiu^f-point, 
however, proved that tlieie was no such lowei'iug, but merely 
au increase in tie' tluidiU, wliich was made more ayiparent by 
the heat produced by t,he eombinalion of tiie oxjpo'ii with the 
aluminium. 

In Older to pieveiit oxidation as lar as jio^'-ihle the metals are 
melted in eiaphite erucibles and eo\ered with a laya r of charcoal, 
resin, or other earboiiaeeous mateiial. In some cases borax is 
used as a eoverinp, as it mi‘lts easily and foims a protecting 
layer, while at the same time it eombines with any metallic 
oxides present and keeps the molten metal (dean. The alloy is 
stirred witli a earhoii stiiaei, or in some eases with a green pole, 
the gases evolved from the wood serving to reduce 'any oxides 
present. In s[)it(' of tlu'se [(reeautions, however, oxides arc 
frequently formed which are not reduc'd by caihon, and the 
difficulty then presents itself of deoxidising the metal In order 
to cileetiially fiee a molten metal or alloy from oxide, it is necessary 
that the rhaixidiser used shall havc.a stionger afliiiity for oxygen 
than the metal to be deoxidised , and, secondly, that any excess 
of the deoxidiser over that necessary to eonqiietely remove the 
oxide shall have no injuiioiis elleet upon the metal itself. A 
largo iiumher of deoxidisers are now' manufactured, and the 
following list (p. !17) gives those most conimoiily used, together 
with th(' alloys fot •w hich they are most suitable and the form in 
which they arc employed. 

Boron is now hoing useil as a (h'oxidiser for copper in the 
production of copper castings for electrical work Unlike the 
other deoxidisers, boron does not alloy with copper, so that the 
addition of a slight excess does not impair the electrical con- 
ductiviiy of tlfe cofipen 

Deoxidisers should only he used to free the metal from the un- 
avoidable oxidation which takes place even during the most careful 
melting, and should never be regarded as an infallible remedy for 
careh'ss melting. The knowledge that oxidation can be partiallji. 
or wholly cured should not hinder the strictest precautions being f 
taken to prevent oxidation during melting. Excessive oxidation 
caused byjtoo rapid melting and consequent overheating of the* 
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’metal, or by ovorchavi^inii; ilu; (!riicil)lo, is often incompletely 
remedied by the addition of deo\idisors 


Alloy 


Iron alloyji 


Silver-coi)per alloys 
Aliuniiiiuiii alloys 


ll(‘(•.\|(l!s^ 1. 

Used in lorni ot 

M,lllgU!l'''V 

Id'iio - ni.uigaiu'so anil 


s[U(‘g»‘lce.i’n 

Silicon 

]''( iio-m1u on and '-iln idea. 

(filciinn . 

lo ii'o-i alciiiin silioidi' 

Aluimiiiuiu 

Aliiniiiinini mid Iniio- 


alnnininim sihcidc 

Titiiniiuii 

I'Viiotilaiiiiiiii 

Viuiadium 

I'Vi lo-vaiiadiuin. 

riiosphoiiis 

1‘lioHphor - (‘o|)|)('r and 


j |diub|ilioi-Liii, 

Aluinimuin 

Aliiniinnmi. 

Silicon . 

( 'u[no-bilu‘on. 

7.1110 

7anc 

Mangaiioso 

Caino-inaiigancso. 

Miigiu'Hiiim 

Magnesium or e.iquo inag- 


nosiuni 

Oiilcium . 

Calcuim-aluniiiiiuni alloy 

C.uliiiiiini 

(tadniuim 

M.igiiisiiim 

M agiie.binni 

I'hospliorus 

i 

I’hosplior-tin. 


Pouiing and Casting - -It has long been known that the 
tempciatiiro at whu;h metals and jilloys are poured has an 
important innucnco on their mt'ehanical pioperties, and the most 
suitable casting temperature for any particular alloy bus been 
determined entirely by practical ex[)erience. Tliere is a luck 
of definite information on the subject, but IjOitgmuir is resfionsible 
for some interesting observations and experiments which deserve 
attention. He cites the case of a numlier of cast-iron test pieces 
cast from a 5-ton ladle during an interval of tifb'en minutes. 
Transverse tests on bars 2 ins by I in. placed on suppoits 3 ft. 
apart varied from 22 to 35 cwt 

Another senes of exjionmcnt!^ on a special altoy, whose com- 
position is not given, showed a tensile strength varying from 
12*5 to 26-2 tons per sq. in., and corresponding elongations 
varying from 5 0 to 51-(; per cent, on a length of 6 ins. Two 
examples are also quoted of castings which failed to meet the 
required specification, but when broken up and re-melted, without 
any further addition of metal, and cast at a proper temperature, 
Ijave perfectly satisfactory results 
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Longiiiiiir has tnadu a imtiilicr of o\]i('iiin(Mital casiiiigs with 
varioua <'illo}s, and tho (igurcs iii the fou-gdiug fable hliow hiH 
results .'I'ho figma'.s evplaiu theinsal ves, and li is only nec('ssary 
to add that tho (piantit\ of alloy melted was in every case over 
50 lbs. in weight. Thiaa' bais wen' cast at a high temperature, 
and the metal allowed to cool in the crucible for a tew minutes. 
A second set of three bars was then cast, followed after an interval 
by a third set of thu'e, the.^o last bong cast at a temperature at 
which the metai would just (low. 

If the alloy is cast at too high a temperature it possesses tho 
coarse structure cliaiMcterntic of a slowly cooled metal ; whereas 
if it IS poured at too low a temperatuio, not only is there risk of 
the alloy becoming j^rlially solid, or the less fusible constituents 
separating out, Ik I'm c pouring, but also it solidities immediately 
on coming in contact with tin' mould, witli tho result that there 
IS a lack of cwhesion m tlm ingot. Mon'over, on account of the 
decrease in (he tluidity of the alloy at tem[)ciatmoK only slightly 
above the melting point, iL is liable to enclose .seum, slag, or 
charcoal, which is nmdile to float to thn surface. Tho result is 
an unsound ingot wdiich cracks when rolled. 

The proper tempeiature of casting would appear to be such 
that the mould is entirely tilled with molten metal, which begins 
to solidify almost immediately after tlio jioiumg is completed. 
Determinations of the casting temperature of standard* silver 
carried out at tho Royal Mint showed that the average temperat wic 
was nearly 100“ above the initial freezing-point of the alloy, or 
about 980 , and this would seern to he a suitable difl'eronce in 
temperature for alloys melting in the ueighhourhood of 900“. 
In the case of alloys with much lower meltiiig-pomts, which 
would cool more slowly, the dilfen'iice between the im'ltmg-point 
and tho casting temperature can with advantage be decrcivsed. 
Thus with aluminium alloys mu^i as mapgmdium* and alloys of 
lead and tin, the casting temperature should be only slightly 
higher than tho initial freezing-point. 

Closely connected w-ith the casting temperature is the rate of 
cooling of the alloy, a matter of very great importance. Generally 
speaking, slow cooling produces a large gram, a coarse structure, 
and relatively w'cak alloys; while rapid cooling gives a fine 
structure and a ^tronaer, but more*brittle. aflov. Tho rate of 
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coolmg is to n great extent controlled by the temperature of the 
moulds. Those .no frequently heated in order to })revcnt too 
rapid cooling, .and in some cases it has been found that the 
temperature of the moulds is of great importance in determining 
the quality of the alloy. An example of this occuis in the 
casting of certain antiliiction alloys, which will bo considered 
later. 

Moulds.- Owing to the extended range of tcinporaturcs through 
which different alloys melt, a variety of materials are available 
for making moulds. Iron, bmss, sand, pl.ister of Paris, and a 
number of other materi.als m.ay be employed ; but those most 
commonly used are iron and sand compositions. Alloys intended 
for lolling or drawing, such .as steel, Iwoir/.e, brass, Ocrmaii silver, 
niagiialinm, gold and silver alh»ys, ete , arc cast m iron moulds; 
while those which are to be cast into objects of various shapes, 
merely roipiirmg to be linislicd by tin mug or filing, are cast in 
sand moulds. 

Iron moulds are made m two jiieces, which are usually held 
togi'ther by clanqis or by a ting and wedge de\ice, intended to 
facilitate the removal of the ingot. The interior of the mould 
is either oiled, blackle.aded, or smoked befon, the alloy is poured 
in. The foregoing rcmaiks do not ajiply to ingot moulds used 
in casting steel, which arc of special form and do not receive any 
oiling or other treatment previous to casting. They are made of 
gi'ffiy hiEinatite iron in the form of truncated pyramids of any 
desired .section, with just snllicient tapering to allow' the mould 
to be easily removed from the solid ingot. Tha second part of 
the mould, in this case, consists of a cast-iron bottom plate upon 
which the moulds stand. 

The material used in making moulds for “ sand castings’' is a 
mixture of somewhat variable composition, hut usually contains 
about 5 per cent, of clfy, 1 to 2 per cent, of iron oxide, and the 
remainder of clean sand. Where lino c<astings with a specially 
good surface are riapiired, the surface of the mould is “faced" 
with flour or a mixture of flour and cliarcoal. 

The “ pattmn ’’ round which the sand is moulded is usually 
made of hard wood, and is varnished or hlackleaded to enable 
it to leave the sand easily. Allowance must also he made fhr 
the shrinkage of vhe metal *ou cooling. In casting alloys sharp 
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coriiri‘3 *'r sli(>ul(l Mvonli'd, ;is fji,r ‘is possililo, for ft 

double reiisoii lo tho fii^t pl.ux', such p.'il.tcriis aic, dilliciilt to 
mould; luid, in iho second pi tee, sli.irp aii;;lc's one rise* to a line 
of \vc!lkll(',^s in the ttnlmg \Uiicli may result m fiaeture. This 
line of wis'ikness is due to (he f n ( that eiy^l:illnati(»ii takes 
plaec in a lint' at iiejil aiiule.-^ to the faee of the mould, and it 
follows that if two faces toini a sharp an^le the ei jstalhsation 
Btartino from lioth laces will meet aiul nroiluee a hue of se[)aiation 
which bisects tlu' amrle. l’r(»f Tmm'r stales that a moderate 
internal pressure will fietpiently force out the boLtem of a 
cylinder in ti siiiy;l(‘ piece it it has litv n east with sharp coiners 
For this reason rounded curves sliouhl bo aiiopted wheiever 
possible, 

After- treatment of Alloys -^\'hell .‘in alloy leaver the myot 
mould it is* sulijei'tial to a miiolier of opi'i'.itioiis, all ol whieh alleet 
its proper! le." via pn'.ilri (*r h.ss ilepnet' 'I'hest' o|)ei,il ions may 
bo dosciibod <is ( 1 ) mech.uueal trt'al incut such as lolliie^y diawiiii;, 
sjiinniii^^, etc. ; (-) tlu'iinal tiealment, such as annealing'', ehillin;;, 
tcmpeniio, etc , and (i'lj tdiemieal tie.ilmeiit, which may he 
merely a cleaning; of the sin face by picklniLr m acid or alkali, or an 
actual alt(‘iation m the comjiosition and chai.ictcr of the surface 
of the alloy by p'ckling or by ccimaitai ion. 

The inlluonee of these ojH'iations will he considered sejiaiately. 
1. Influence of Mechanical Treatment. .Ml metals are jnorc or 
less compi'cssible, and m the light of recent research it winild 
apjicar that coniprcssihility is a periodic projierty, and closely 
connected with, if not proportional to, the atomic volume. When 
subjected to lueohanical Lieaimciit, such as rolling, hainmeiiiig, 
or drawing, metals and alloys undergo compies.sion and their 
mechanical propcities are altered. The metal hfteonies strongiT, 
harder, and more brittle, or, in other words, the tensile strength 
is incro.ised and the ehuigation (hxreased.* The {j*-aetieil a[)plica- 
tion of alloys hardened by mechanical treatment may he seen, to 
take a single example, in the use of st.uidard silver for the blades 
of dessert knives, fish knives, etc. These aie manufactured by 
hammering, or, in the cheaper varietic", by “hard rolling” In 
the case of alloys experimental data are wanting; but it has been 
shown with pure metals that the gn-ater the compressibility the 
more rapidly d(;c8 it decrease wilfh increasfng pressure, and, 
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.^.(lording to TiO Ohalclior, t.lio tensile sireri^th of metals hardened 
to their maxiirmm extent is almost exactly double their strength 
in their normal or softened condition. His ligures for five metals 
arc as follows . — 


Motal. 

Tensile Strength in Tons jku sq. in. 

Mininitim IIiirdncs.s. 

Maxuiniin Hardness. 

Copper .... 

15'87 

32 38 

Nickel 

3t-92 

86 ’68 

Alumiiiuim 

7-62 

15 87 

Silver 

n-43 

24 12 

Cadniima 

1-68 

3'17 


As rcgaids alloys, it is prohahle that those consisting of solifl 
solutions which, as will he si'cii later, have stnictures similar to 
those of pure metals and aie the only allojs ca[)ahle of receiving 
much mechanical treatment without heing previously heated, will 
behave m much the same way as pure mctnls In some cases 
alloys are rolled w'hilo hot, and in others they are rolled cold. 
Cold rolling produces a greater degree of hardllc^s than hot rolling, 
and the maximum hardness is produced hy cold diawuig to form 
wire or rod. The condition of maximum hardness, however, is 
not a stable one, and Le Chatelier has shown that a metal which 
ha&' attained a state of maximum luiidness becomes gradually 
softer in the course of time. Thus wires of silver and copper 
tested some hours after drawing showed a decrease in strength 
of 2 to 2'5 tons per square inch from those tested immediately 
after drawing. It is evident that this changi', wdiich Le Chatelier 
has aptly described as “spontaneous annealing,” is of the utmost 
importance, and renders tests made on hai denied metals of more 
than doubtful -^alue. Moreover, Lo Chatelier’s work was carried 
out on very soft metals in wdiich the ellort of the metal to return 
to its normal condition merely produced a softening ; but in the 
case of harder metals and alloys the results are very much more 
serious. The forces coming into play are so considerable that in 
the course of time the metal suffers deformation and in many 
cases actual fracture. This phenomenou is commonly known aa 
“season cracking.” 
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2. Influence of Thermal Treatment. —After being 8ii1)jeete<l to 
mechanical treatment metals and alloys are usually too .hard and 
brittle to*bo of use, and it is necessary to soften them by reheating 
or anncjiliiig. This operation is usually carried out either in 
closed furnaces of the mulllo typo or in reverberatory furnaces 
(under reducing conditions) when the size of the pieces to be 
annealed docs not pormit of tho uso of a niiidlo furnace. Very 
small objects, such as pieces of standard silver to bo used for 
jewellery, are sometimes annealed by simply resting them on tho 
hot coke in tho open ftirnaco. Formerly tho operation of anneal- 
ing was carried out in tho crudest maimer, but within recent 
years the importance of tho subject has been realised, with tho 
result that annealing furnaces have been greatly improved, and 
it is now possible to carry out the process with practically no 
surface oxidation or alteration of the metal 

From what has already been said with regard to “spontaneous 
annealing” it follows that there is no definite tempoiature above 
which a metal or alloy can be softened by annealing. The change 
takes place gradually but extremely slowly at normal toiuficra- 
tures ; rnoie rapidly as the temperature rises, until a temperature 
is reached at which the cliange takes place almost instantaiH'Oiisly. 
For practical puipo.ses, however, there is a temperature for every 
metal and alley below winch annealing is impracticable on account 
of the length of time necessary for it to reach the rcipiired con- 
dition. Tho annealing of brass at different temperatures lias 
been thoroughly invcstigalcd by Charpy, and his results are dealt 
with in tho chapter on brass. More recently the subject has 
received the attention of Matweef and Hose. Tho latter has dealt 
specially with the annealing of coinage alloys, and has detcrinmed 
the temperatures at w'hich softening begins to bo perceptible in 
coinage blanks, together with the temperatures at which softening 
is completed in thirty minutes anddn less than one minute His 
results are given in the following table (p. 34). 

' If a metal is annealed at too high a temperature its mechanical 
properties are injuriously affected, and it is then frequently do- 
l^bed as “ burnt ” This word is somewhat loosely employed to 
ddscribc any deterioration of mechanical properties due to anneal- 
ifig, and as such deterioration may bo ^ue to several causes it is 
tiecessary to distinguish botwoen them. 



34 


ALLOYS. 



Lowest 

Tonipcratuvo at 


wliicli Softcnnigis 


reini»ci,iliiie 
ob'-ei ved at 
winch Soltcii- 
iiig begins to 

nearly eonipletcd. 

Mctiil or Alloy. 

i 



In about 

In less 


be percnptible. 

half an 

than a 


hour. 

minute. 

Gold 

80 

l.'iO 

200 

Silver 

80 

400 

500 

CopjxT 

275 

3ti0 

400 

Nickel 

300 

700 


Zinc 

15 

125 


Ahimimum, coutannug 2 pei cent, non 

250 

300 100 


Cadinmin, jwshildy not pure 

15 

160 


Gold-copjier alloys— 




All 91() (1, Cu 83-5 .... 

1 2')0 

500 

600 

Au 900, CulOO .... 

300 

500 

600 

Silvei -copper alloys — 


550 

600 

Ag 925 On 75 ..... 

1 230 

Ag 916 d, Cu .H3 3 . 

230 

000 


Ag 900, GulOO 

1 230 

600 


Ag 835, Culfif) .... 

i G) 2.10 

6.50 


AgHOO, Cii200 . . . . 

300 

TOO 

700 

Ag719, Cu2Sl . . . . 

300 

7oO ^ 


CoiiMge bronze — 




Cu 95, Sri 4, Zn 1 . 

200 

470 

600 

Nickel-copper alloys— 


550 


Ni 20, Cu 80 

300 


Ni 25, Cu 75 

300 

650 


Ni 30. Cu 70 

300 

1 600 


Ni.50, Cu50 

400 

700 



Annealing at too bigii a tonipcraluro may result in excessive 
crystal lisatioii and even in a return to the structure of a cast 
metal. Such a cliango of structure is, however, not chemical but 
purely physical, and can be remedied by suitable heat tr(‘atment. 
Again, annealing at too high a temperature may cause segrega- 
tion of ono or more of the constituents of an alloy. A familiar 
example of this is to be found in the case of steel in which the 
carbide segregates between the crystals of iron. Photograph 46 
shows a sample of steel which has been over-annealed in this way, 
but this structure can also bo remedied by heat treatment, and 
the word “burnt” as applied to it is a misnomer. If, however, 
the steel is heated to a slightly higher temperature, actual oxida- 
tion or true burning occurs, and for this theio is no remedy except 
remelting and deoxidation. 
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In the case of brass excessive annealin" is accompanied by 
volatilisation of zinc. 'I’his in itsi'lf is not l>iirnmp% but Uic subject 
is imperfectly understood and re(|nnes fuitlier invest i-nil ion 

Annealnie is usnaliy followed by slow coolnief, but in sorno 
cases ra[)id coolnn^ piodnces a softm' mclal. M\ani{)I('H of this 
are to bo found, in tlio case of pnro mcfals, with siher; and 
in tho case of alloys, with inaeiialiniu (sis' Chip XII i ) 'I'he 
alteration produced hy annealing K'ipnies tiino, and takes [ilace 
more rapidly as the tmnpmat iiio is laised On the other hand, 
impurities reiuler the pioeess of aiinualing slowim 

The pioperties of ■ ')me alloys aio profoundly altm-ed hy ehiHing, 
quenching, or rajiidly cooling from a hiedi teinpeiatuK' Tho 
object of such tieatnnmt is to fiK oi maintaui, .is f.ir as jios.'.ible, 
tho structure pos.'^essed by tiie alloy at tho teiiqieiatmo from 
which it is qiienehed. and it follows that tho tioalment is only 
applicable to alloys wliieh undergo a tiansfoi mation or molecular 
change on healing or cooling, (t also follows that the cll'ect 
produced hy queiichinp; will vary with diH’cK'nt alloys. Steel, for 
example, is hardenod hy (jiionching, whereas the saiiio tnaitinont 
applied to bionzo renders the alloy softer and more malleable, tho 
rapid cooling preventing or hindering the foi mation of a hard 
constituent, vdiieh is always formed in a slowly cooled sample. 
The temperature from winch tho alloy is quenched depends njion 
tho toiripeiature at which tho molecular Iransfoi mation takes 
place, and must, of course, bo abovo that temperature. The 
tendency of motalK which havo been cold woiked to reverb to 
their original condition has already been referred to, and the same 
tendency is always present in metals whoso propeities havo been 
atleeted by sudden cooling. They are in a moio or less unstable 
condition, and it sometimes happens that changes do actually 
take place. Such changes aie usually deseiibed^as “ageing.” 
Examples of this are to bo fuu'nd in many of tho alloys of 
aluminium which are softened by quenching but gradually 
recover their hardncNS 

Tho structuro of an alloy can never be absolutely fi.xcd by 
quenching, for tho simple reason that the quenchinu can never be 
instantaneous and the ellicieney of tho qiiciichmg depends on the 
size, or, more strictly speaking, on II19 weight, specihc heat, and 
oonduotivity of thfi alloy to be quenched ; and also on tho tern- 
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peraturo and nature (and more especially the conductivity) of 
the bath in which the quenchint; takes place. 

Quenching is usually carried out in water, solutions o£ salts in 
water, oils, lead, or the more fusible alloys of load and tin. 

Tornporing consists in reheating a quenched alloy to a tempera- 
ture below that from which it was quenched with the object of 
destroying the internal strain produced by the quenching, without 
aflecting its molecular structure. The softening elFcct of this 
reheating is greater as the tomjierature is raised, but the tempera- 
ture must be well below the point of transformation. A better * 
example of the influence of heat treatment on the structure of an 
alloy could hardly bo chosen than that given by Rohorts-Auston 
and reproduced in photograph 1. The photographs all represent a 
steel containing 1‘5 per cent, of carbon. The centre photograph 
shows the structure of the metal as it comes from the cementation 
furnace. No. 1 shows the structure after heating to 1000“, 
working and slowly cooling. In No. 2 the metal has been heated 
to 850’ and cooled in air. In No. 3, instead of cooling in air, the 
metal has been quenched from the same temperature, 850“, in 
water. The steel is thus hardened and the pearl itic structure has 
been entirely replaced by martensite. In No. 4 the metal has' 
been raised to a higher temperature, 1050°, and more rapidly cooled 
by quonching in iced brine. The structure now consists of bands 
of martensite, alternating with lighter and softer bands ti" 
austenite. If this metal is now cooled to the temperature 
liquid air the structure is profoundly altered as shown in No. 5 
In No. G the steel has been quenched from a temperature near its 
mclting-pomt, and the result is a “burnt” steel. The structure 
shown in No. 7 is the result of prolonged annealing at 650*. 
The cementite and pearlite are well defined. Lastly, No. 8 shows 
the original structure produced by heating any of the samples, 
except No. 6, to 850’, working, *and slowly cooling. 

Influence of Chemical Treatment. — After an alloy has been 
subjected to mechanical and thermal treatment it is necessary 
to remove the surface deposit of oxide which is formed on moet^ 
alloys, and this cleaning is usually effected by “pickling” in ah 
acid bath which is frequently heated. Now, this piokling has a 
decidedly prejudicial effect upon the mechanical properties of 
the alloy, and is so well recognised in the case of iron and stp^f 
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that some apocifications, incltulint,^ those demanded by the 
Admiralty, ro(]niro (hat t(^(,.s should he made upon the picklod 
mebil. Jn the pickling oF Ihiii slrcl sheets intended for tin-plate 
manufacture, the doiuoase m strength and ductility of the metal 
is often accompanied by the I'oimaiion of blisters on the surface; 
and in the pickling of hard sti'cl lod containing about 0‘8 per cent, 
of carbon the motal somi'times llics to [itcccs when immersed in 
the acid. The following reruies hy linker and Lang illustrate 
the falling-olF m ilic quality of sti'el rod hy pickling, Tho first 
samplo was pickled in a 38 per ceui sulphuric ackl hath for one 
hour, tho second in an 11 per eonf- hath for foity-hvo rniimtos, 
and tlio third in a Id [ler eont. bath for ono hour ten rniniitc.s, 
the temperature of the hath m each case liemg 100'. 



Tens;! 

1 Stion-qli 
per .sq. in, 

in I be. 

Percentago C-m traction. 


1. 

2. 

8. 

1. 

% 8. 

Beforo picklinp. 

65,700 

50,700 

69,100 

0.3 

66 67 

After pickling , 

01,-100 

59,700 

64,200 

83 

44 47 


a’ On reheating, tho motal rotnrns partially, but not entirely, to 
former .state. 

There is no doubt that these rosnlts are due to the hydrogfiii, 
irhich is evolved in considerable quantity during tho operation of 
pickling, and tho action is more readily understood when we 
insider tho following fuels. Hydrogen at tho normal tompera- 
bre is easily capable of penetrating steel, and at 100’ the 
^penetration must take place more readily. Moreover, the action 
lof the acid leaves a rough surface on the metal, which favours the 
, penetration of tho gas. Nascent hydrogentis a powerful reducing 

i agent, and is capable of reducing metallic oxides, whether formed 
in tho process of molting, or rolled into tho metal during subse- 
quent mechanical treatment, and the author has shown that this 
reduction can take place at a temperature of 100’. Tho re- 
duction of oxides is accompanied by tho formation of water, and 
water being unable to pass out of the metal where the 
^qhydi’Ogen entered, jgives rise to an in*ternal pidksuro. which mav 
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cause a blister in soft metal, a fracture in hard motal, or, at 
least, a falliug-od' in the mechanical properties. Hut at higher 
tempcratlircs the action is reversed j metallic iron decomposes 
water vapour, and the hydrogen so formed is able to pass through 
the metal again. 

The alteration in composition of an alloy duo to pickling must 
not bo overlooked. For example, in the casi; of standard silver, 
wbich in the hands of the silversmith undergoes repeated anneal- 
ings and cleaning in aeid, the copper is almost cntiri'ly removed 
from tlic surface of the alloy, leaving a coating of almost pure 
silver. This is a point wliich has to be consideiod by the assayer 
in taking an aveiagc sample of the metal. A ebango of com- 
position 111 the surface layer of an alloy may also be pioduccd by 
the ancient proci'ss of cementation. This process, which is still 
used in the hardening of steel, consists in heating the alloy, in 
the presence of a substance with which it is capable of alloying, 
at a temperature below its melting-point. Thus steel is super- 
ficially hardent'd by packing it ui charcoal, and maiiibrining it at 
a high temperature for some time. The steel gradually alloys 
with the carbon, with the result tliat the su'daco is much harder 
than the interior. Tlio same result is obtained by heating copper 
alloy.s in /me dust, or even in ziiie vajiour, which alloys with the 
copper. A similar method is employed in the production of what 
is kno^vn as malleable cast iron ; in tiiis case the result aimed at 
is- not the addition of a new element, but its extraction, cast iron 
being heated with oxide of iron, wliicli dccarburises the iron and 
rondor.s castings softer and less brittle. 



CHAPTKR II. 

PROPERTIES OF ALLOYS. 

Density.— Tho (Icnsity of an alloy i-^ inflnoncou (1) hy (In' polity 
of the oK'f.iL of winch it IS coiopoM'd ; (2) iho incohcnical hcat- 
incnt it h.is iio'h'i cone ; (3) (he ttoupoiMtuio at which i!, has hccti 
cast; and (4) the lato of coolino These hints may to a ^I'eat 
e.\tciit account for the dis.icri'emeiits sliowii iii the wor-k id’ Mallet, 
Calvcitaud Johnson, Matthie.s.scii and Riche. 'I'heir wnrk .showy, 
however, that the den^iL\ of an alloy is s(‘ldoiu the nie.m of the 
deusitiiss of it.s eonstitneiit metals, sotm'Lime.s heiiic poealio' and 
.sometimes less than the mean, d'ho mean density of an alloy 
may he calculated from the iormula 

(W -Pf/;)|)(i 
j)/e-!-dW ’ 

w’hoie M is the me.an density, \V and lo the wm'^dits of the coii- 
stiLiient metals, and I) and d their respective densities. The 
followmo allots h.i\e frcijmntly been given as examples of cases 
in which the densities are respectively greater and less than The 
mean : — 


whoBo Density Ib less than 
tho Moan of th( it Coiistitiioiils 


All and Zn 

Au ,, 

Sn 

Au „ 

bi 

Au ,, 

Sb 

Au ,, 

(.’o 

Ag „ 

Zn 

'^g ). 

Sn 

Ag ). 

Bi 

Ag „ 

Sb 

Cu „ 

Zn 

Cu „ 

Sn 

Cu ,, 

Pd 

Cu „ 

Hi 

Pb „ 

Sb 

Pt 

.Mo 

Pd„, 

Bi 


Alloya whoBo DniBlfy ib komIpi Umn 
the Moan of lli. ir OonaiOii'iitH. 
All and Ag 
Au ,, t'o 
Au „ I’b 
Au ,, (!u 
Au „ Ir 
Au ,, 

Ag Cu 
Fl! ,, 1)1 
Fc „ Sb 
Fe „ Pb 
Su „ Pb 
Sn „ Pd 
Sii ,, Sb 
Ni „ Aa 
Zii „ Sb 
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Matthiessen also states that some of the alloys of tin and gold 
have a greater and some a less density than the mean of their 
constitueixts, and the same is true of the alloys of bismuth and 
silver, and also of the alloys of some other metals. 

Very little recent work has been done on the subject, and it 
appears that the study of the densities of alloys has been con- 
sidered a barren field of investigation. 

Colour of Alloys. — Of the well-known metals, only two — copper 
and gold- -may he said to have any very decided colour; hence 
it might, at first sight, bo supposed that the range of colour of 
alloys would be strictly limited. This, however, is not the case, 
and the colours produced in alloys are in many cases very 
remarkable and well worth a little consideration. 

In the first place it is well known that the metals vary in their 
decolorizing power, and Ledebur has arranged the principal metals 
in the following order: — Tin, nickel, aluminium, manganese, iron, 
copper, zinc, lead, platinum, silver and gold. Kach metal in tins 
series has a greater decolorizing action than the metal follow mg it. 
For example, it requires nearly 50 per cent, of silver addt i to 
gold to produce a white alloy; whereas the addition of only 10 
per cent, of aluminium is quite sufficient to completely destroy the 
colour of the gold. Again, an alloy of 75 per cent, of copper and 
25 per cent, of zinc has the well-known colour of brass ; but if 
the zinc is replaced by the same quantity of nickel, we get the per- 
fectly white alloy so largely used for the Continental nickel coimigc. 

In addition to this property of destroying the colour of metals 
we have cases in which by the simple fusion of two metals the 
most unexpected colours are obtained. Thus an alloy of copper 
and antimony containing 51 per cent, of copper and 49 per cent, 
of antimony has a beautiful violet colour, and even more interest- 
ing is the case of the violet alloy of Koberts-Austen, produced by 
melting 78 parts of gold with 22 of aluminium. 

In these cases we start with one coloured constituent, but it is 
possible to obtain coloured alloys even from two white metals. 
The alloy of platinum and aluminium, for example, containing 75 
per cent, of platinum and 25 per cent, of aluminum, is distinctly 
yellow, and resembles gold containing a small percentage of silver. 
Another yellow alloy is obtained by the fusion of 33 per cent, of 
aluminium and 66 per cent, of cobalt. 
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Heycock and Nevillo have drawn attention to the alloy in the 
silver-zmc sencH coi responding to the foi inula AgZn, which in 
capable of assunnng a rod eohnir when heated to about* :;00“ and 
suddenly chilled; and it lias also been shown that the con ('spund- 
ing cadmium alloy y\gCd has a distniot and very beautiful pink 
colour. 

All these alloys are formed by the union of delimto atomic 
projiortimis of their eonstit uents, and must ho regaidcd rather as 
chendcal compounds than as simple imhallic mixLuies. d'hey are 
perfectly liornogi'tK'OUH, brittle alloys, lire, dung with a conchoidal 
fracture; propeities winch render them ptmhically useless to the 
art-oietal worki'r. Theio are, liowever, a largo numher of useful, 
if less bi illiantly coloui ('d, alloys for tlio metal woiker to chouse 
from, and an exeelh'iit I'.xamplo may he iound in the nmnerous 
gold alloys <nn ployed hy jewidlers and goldsmiths, hioinoof lliese, 
with their percentage compositions, aie shown in tlio following 
table : — 





’I'inposiLuiii. 


Colour. 






Gold. 

Si her. 

Ci'ppei. 

Iron. 

rtidinium. 

Deep yellow . 

90 


10 




53 

•25 

22 



Red . . 

75 


25 

... 


Diiik red 

50 


50 


• 

Pale yellow 

‘2.5 


75 



91 G 

8’-3 




Gieeii 

91 G 

75 

i 25 


8 3 



75 

111 G 



8-4 

II 

71 0 

11 1 

1 ” 9 -7 


4-3 

Grey 

75 

12 5 



12 5 

1 85 7 

8 6 


57 


Blue 

1 83 3 



167 


75 



25 



6G7 



33*5 



The colour('d alloys used by the Japanese in their famous art- 
metal work have been described by Koberts-Austen and others, 
but a brief descri[)tion of them may ho of interest. The most 
ipaportant of these alloys are known as shaku-do and shibu-ichi, 
' Rnd both of them are, within certain limits,, very variable in 
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cornp()siti(j]i. Two s!iinj)l('S of .^hahu-do, for exairiplc, gave tl [10 
following analysis; — 


Copper . 

9-t -50 

96-77 


Sliver 

1*55 

0-08 


Gold 

8-73 

4-16 


Lead 

0-11 



Iron and !un(‘ii 

e . . Ti.iees 



Other samples have In 

;‘en found to contain as 

liftle 

as 1*5 pc 

cent of gold, init the p 

lecions metal is an essential 

('onstituoil 

of the alloy and enables 

the nndal to assume a 

Ix'aiit 

ifiil surface 

colouring, or “patina,’ 

when treated with 

suitab 

e pickling 


solutions. 

is a coppor silv('r alloy, and is fairly represented by 
the following analysis: — 


Copper . 

. . 97 31 

61-1(5 

Silver , , 

32*07 

48 93 

Gold . 

. . Tl aoea 

0-12 

Iron 

0*62 



In addition to these alloys and their various combinations 
one with another there are varieties of impure copper, all of 
which are capable of assuming difrerent colouis on pickling. The 
pickling solutions most commonly used are made up of the 
following ingredients, and are used boding: — 



I. 

II. 

III. 

Verdigris 

438 giains 

87 gi.nns 

220 grains 

Sulpliato of coppei . 

292 ,, 

437 

540 ,, 

Nitre .... 


87 1 


Corninon salt . . , 


146 ,, 1 


Sulpliur 

Vinegar. 


233 ,, 

1 gallon 

6 draclirna 

Water .... 

1 gallon 


1 gallon 


Examples of the did’erent colours obtained by pickling may be 
seen at the Victoria and Albert Museum, South Kensington, where 
there is a collection of fifty-seven plaques illustraiing the dillbrent 
sorts of bronze used in Japan, Another excellent collection, con- 
sisting of twenty four plates, is to be found in the Mmseuin of 
Practical Geology in Jerrnjrfi Street. 
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, such ^uld. '-ihur, ^huhn (h>, shi/u LcIti, (‘tc 



J.'ipAiu'si' Alt M< t.il Work 


In connection with the use of colouicd ailuys in :irt nu'tal work 
a brief rcfcienco to the J.i[)in(\sc tnohtnur (“wood giam”) and 
'mmi-na(j<ix]ti may not bo out of place An ellect clost'ly rcM'inb- 
hng the gram in wood is luoduci'd by t.dting thin sheets of various 
metals and ; 

8olUei ing them to- 
gether, and tie u A 

either cnUme a 

do\ U'(3 iiilo th M 
and h a m m o i i n ■’ 
the whole until 
Hat, or else liain 
niermg fioiii b(' 
hind and then lil- 
Uig down the [iro- 
miiK'iii es. ddie iimtliods an* sunieiimtly well shown in the two illns- 
liations tligs. iTaiid IS), IVe 1 S shows the ollocl of thes<’ handeii 
allov s in a bead w hieh is only I hiaa ijuartiu.s of an iiieli iii diauietei . 

Speeilie Heat — 'I’lie most iiupoitant 
deteiinih i( ions o( the speeilie he.ds id 
alloys w(.‘i<‘ made by Hogii iult in 1841 
For the puipose of his investigatioim 
ho divided alloys into two elasses 
those,' having a t using-point eoiisid* lahly 
altove 100" C , and those fusing at, or 
near 100“ C. In the case of tiio first 
chi'-s he coiieluded that the speeilie heat 
w'as an additive [iropcrty, and agieed 
closely with the calculated Bpecific 
heat obtained by multiplying the 
Bpecific iu'at of each constituent metal 
by the jiorceijtago aiuount of the 
metal contained in the alloy and 
dividing the sum of the products by 
loo. d’his led him to aiuioimce that 
“the specific heal of the alloys at temperatures cousidoiably 
removed fiom tlieir fusmg-points is exactly the mean ol the 
specific heals of the im tals which eonniose tiiem ” He further 
discovered that m the ease ol tlu"'* allovs the pioduct (d the 



I'm 18 — .lapanese Art ’Metal 
bead 
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specific heat of the alloy into its atomic weight is approxi- 
mately constant. Tn the whole series examined by him this 
number 'only varied from dO'TG to 42 05. On examining the 
second class of alloys, those which fiiso at or near 100” C., Rcgnault 
discovered tliat they did not obey his law, and that the specific 
heats were in all cases higher than those obtained by calculation 
from the specific heats of the constituents. Moreover, he found 
that the product of the specific heats into- the atomic weights 
varied from 45‘83 to 72’97. Kegnault’s conclusions have been 
confirmed by vSchimpfl', who finds that, with the exception of 
magnesium and antimony, the specific heats of alloys agree very 
closely with the calculated figures. In the case of the magnesium 
alloys the figures are somewhat smaller than the calculated 
results, while those obtained from the antimony alloys are slightly 
higher. On the other hand, Saposhnikolf confirms Rcgr.ault’s 
conclusions but does not mention the eice[)tions noted by SchimpfF, 
although he has specially studied the antimony alloys. 

Malleability has been described as the property which enables 
metals to bo permanently extended in all directions, without 
rupture, by pressure produced by slow stress or by impact. The 
flegrcG of malleability of a metal is measured by the ease with 
which its shape or form can bo modified by rolling or hammering. 
The order of malleability of the eommon metals is as follows : — 
Gold, .silver, cop[)er, tin, platinum, lead, zinc, iron and nickel. 
Some metals are less malleable wlnm hot than when cold and are 
described as red shorty while those that are more malleable when 
hot are called coK short. Alloys are less malleable than pure 
metals, and the most malleable alloys are those whoso structure 
most closely resembles that of pure metals. 

Ductility is the property which enables metals to be perma- 
nently elongated, i c. to bo drawn into wire. The order of 
ductility of Gie comjnon metals is as follows : - Gold, silver, 
platinum, iron, nickel, copper, zinc, tin, lead. Alloys are less 
ductile than pure metals, and, as in the case of malleability, the 
most ductile alloys are those possessing structures resembling 
pure metals. 

The hardness ot metals is measured in seyoral ways. Bottone 
measured the hardness of metals by determining the time necessary 
to produce a cut of definite depth. Taking the diamond as 3010 , 
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the relative b; 
follows : — 

udnoss of a number 

of metals was ( 

oterinhu'd 

Mangiincsc 

. 1456 

(I dd . 

979 


1150 

Alnminiuni 

8‘91 

Nickel 

. 1110 

(’jidniiiiin . 

760 

lion . 

. 1375 

Magnibiuni 

. 7 91 

Go|-!um 

i.aio 

Tin . 

. U5l 

Piiliidiuni 

1 ‘jno 

lA-.nl . 

570 

1‘Iatiimni 

. 1107 

Tliiillmiii . 

.'^>65 

Zinc . 

1077 : 

Cull nmi 

105 

Silver 

990 ' 

Sod nun 

400 

Iridium 

984 

rot.issiuni 

1130 


In tlio sclc'i <)iiu‘L<n’, aa devised by Piof. n’tirner, a cutting 
method is also employed, hut m tins case the h.ndiiess is me.isiu’od 
by ilio pressure winch must be a])pbed to a diamond jioint in 
order to produeo a scratch equivalent to a standard scratch on a 
standard mc'tal surface. 

ih’inell measures tlio hardness of metals by d('fei minima tlie 
depth of tliG indentation produced by a haid S[jheio of known 
dimensions under a delinito piessuie This method is the one 
generally adopted in engineering [irai'lict'. 

In an ingenious little instriiinent invented by Slion*, and laiown 
as the scimoseopc, the hardness of a metal is measnr.'d by tlio 
height of rebound of a small hammer which is dropjjcd from a 
known height through a graduated glass tube on to the surface 
of the metal to bo tested. 

It is obvious that the word “baldness” is used to describe 
dih'erent properties, and that tho methods employ cd to determine 
tho hardness of metals do not measure the same kind of hardness. 
Resistance to abrasion as measured by the scleiometer is not 
necessarily tho samo thing as resistance to crushing as measured 
by tho Brinell method ; nor do we know definitely tho relation of 
either of these to tho “resilience” as measured by the scleroscopo 
In any caso, however, it may bo considered as a general rule that 
the hardness of a metal as measured by any of the above methods 
is increased by the addition of another metal. 

Thermal Conductivity. — The power of alloys to conduct heat 
has'been examined by several experimenters; but it was not until 
858 that tho subject was thoroughly dealt with by Calvert and 
ohnson, who made a largo number of determinations, using alloys 
irepared from pure metals. The apparatus ouiploycd consisted 



46 


ALLOYS. 


of a box containint^ a known voliimo of water ; to this box one 
end of the bar to )>u tested was secured. Tho other end of the 
bar was maintained at a tcinperaturo of 90“ C., and tl>o relative 
conductivity of tho bar determined ))y notiui,^ the rise in tempera- 
ture in a p;iven time of tlie known volume of water in the box. 
The conductivity of silver, whicli is the best conductor, was taken 
as 1000. 

Calvert and Johnson state that m some cases the conductivity 
of an alloy is the moan of the conductivities of its constituent 
metals; but in many cases there appears to ho no relation between 
the two. For example, the couductivily of silver was taken as 
1000 and that of gold 981, hut the coudimf.ivity of gold containing 
1 per cent, of silver was found to he only 810. 

These experimenters divide alloys into three classes according 
to their conductivity : — 

1. Alloys which conduct he, at in ratio with tho ndativo eipiiva- 
lonts of tho metals composing them • alloys of tin and z;inc, and 
of tin and lead. 

2. Alloys in wliich there is an excess of eijuivahmts of the worse 
e.ondiicting metal over tho niimhor of eipiivaleiit.s of tlie hotter 
conductor, such as alloys composed of ono (apiiv.ilent of copper 
and two of tin, or one of copper and three of tm, and which 
possess tho remarkable property of conducting lu'at as if they 
contained none of tho better conductor. Tho coriduct.ing power 
of^ these alloys is the same as if tho bar wcr(3 composed entirely of 
the worse conductor. Similarly in tho case of the hismiith-load 
alloys, those containing two eipuvalcnts of bismuth and one of 
lead, three of bismuth and one of lead, and four of bismuth and 
one of lead, all condiuT alike, tlie decrease in tho (piantity of lead 
having no influence on tho conductivity. 

3. Alloys composed of the same metals as the last class, but 
in which tho iinmbor'of equivalents of tho better conducting 
metal is greater than tho number of equivalents of tho worse 
conductor. In these alloys the conductivity tends towards the 
better conductor. 

Matthiossen gives it as his opinion that tho conductivity of an 
alloy furnishes no evidences of whether an alloy is a chemical 
compound or a mixture. 

Electrical Coiidiictivity. — The study of tho electrical con- 
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' ductivity of alloys may bo said to have begun with tlie publicatiou, 
in 1860, of the results of Matthie^5SGn’s famous research. With 
regard to. the conducting power for eleetiicity ho divides the 
metals into two classes : — 

Class vl.— Those metals which, when alloyed with one another, 
conduct electricity in the ratio of their relative volumes. 

Class B . — Those metals which, when alloyed with one of the 
metals belonging to (Hass A, or with one another, do not eoiidiict 
electricity in the ratio of their ndative volumes, but always in a 
lower degree than the mean of tiioir volumes. To Class A belong 
lead, tin, zinc, and cadmium. To Class B belong bismuth, 
mercury, antimony, platinum, palladium, iron, aluminium, gold, 
copper, silver, and “in all probability most of the other metals ” 
Matthiosscn showed that the electrical conductivity of any 
series of alloys composed of two simple nielals may be lepno 
sented graphically by one or other of three typical cur\es which 
are respectively straight lines, ^-shaped, or [J sbaped The 
metals of Class A {iroduco alloys whoso conductivity is repre- 
sented by straight lines; those of Class A with Class B by 
L-sbaped curves; and those of Class B with one another by 
(J-shaped curves {see Chap. XVJ.). 

At the conclusion of a resoaich which Bolauds-Anslcii has 
justly described as classical, Matthiessen considers the nature of 
alloys and sums up his arguments in the following manner.: — 

“ The question now arises. What are alloys 'I Arc they chmiucAl 
combinations, or a solution of one metal in another, or mechanical 
mixtures 1 And to what is tho rapid decrement in the conducting 
^ power in many cases duo? To the first of these (piestions I think 
we may answer, that most alloys are imu'cly a solid ion of one 
metal in tho other; that only in a few cases may we assume 
chemical combination — for example, in some of tho gold tin and 
gold-lead alloys ; and wo may regard as mechanical hiixtnres some 
of tho silver-copper and bismuth-/inc alloys. Tho reasons for the 
foregoing assumptions are tho following : — 

“ 1. That if we had to deal with chemical combinations wo 
should not find in the conducting power of alloys that regularity 
in tho curves which certainly exists ; for on looking at those 
belonging to the difierent classes we ^seo at a glance that each 
class of alloys has a curve of a distinct and sepaiate loim. Tlius, 
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for the first, wo have nearly a straight line ; for the second, the 
conducting power alwcay.s decreases rapidly on the side of the 
metal belonging to Class B, and then, turning, g(>es ahnost in a 
straight line to the side of the metal belonging to Class A. For 
the third group, wo find a rapid deeienient on both sides of the 
curve, and tlie turning-points united by ahnost a straight line. 

“ If we now examine the part of the curve where the rapid decre- 
ment takes place we find tliat in the lead and tin alloys it gener- 
ally re(|uires twice as much of the former as it does of the latter 
to reduce a metal belonging to Class B to a certain conducting 
power; for instance, to reduce that of silviu- to 07 it would require 
0*9 vol. per cent, of load, or about 0 5 vol per cent, of tin ; to 
reduce it to 47 '6 there would bo roqiiin'd 1-4 vol. per cent, of 
lead, or about 0’7 vol. per cent, of tin. Ag.iin, to red luai bismuth 
to 0-2()l there is required 1-4 vol. per eent. of lead, or 0’()2 vol. 
per cent, of tin; and to reduce it to the miiiiimim [loint of tho 
curve, wliich is when alloyed with load 0 255, and 0215 when 
alloyed with tin, it requires 1'76 vol, per cent, of lead and 0'85 
vol. per cent, of tin. 

“2. We camiot explain tho reason of the decrement of tho 
conducting powers by assuming that tho turning points of tho 
curves arc chemical comhinations, for it is not at all probable that 
there are such as contain only 0 G pi'r cent of tin and 99‘4 per 
cent, 'of bismuth ; or 2 per cent of lead and 98 per cent, of 
bikmuth ; or 2‘G per cent of tin and 97 4 [ler cent, of silver. 

“ 3. That the alloys at these turning points have their calculated 
specific gravities, 

“From the similarity of tho curves of alloy.s, whero wo may 
assume, from their chemical behaviour, that wo have only a 
solution of one metal in another, we may always draw' ap[)roxi' 
mately tho curve of tho allo}s of any two rnctals, if wo know to 
which class thhy belong. Thus, before a single copper-gold alloy 
had been determined, the curve was almost correctly drawn, and 
agreed with that which was afterwards found by experiment.’' 

“ That some alloys are chemical combinations,” he adds, “ may 
be deduced from the following facts : — 

“1. At the turning-points of tho curve wo generally find the 
alloys contract or expand. 

“2. There is no regular form of curve (gold»tin, gold-lead, and 
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gilvorcoppcr), so that it cannot bo a prioi-?, oven approxiinati ly 
repr(‘sont(al. 

“3. At Uio turnin^ppoinU tlio alloys contain huge' peicentapa^is 
of each other. 

“4. At the tuniiii'^-points of the curves tho alloys rire dillerent 
fioni each other in aiipcar.uiec (cryslallino form, etc ).” 

To tho second (jue.stion, “To what is tho rape! docrenH'iit of 
tho conductivity duor’ Matthiesseii says, “The only answer 
which 1 can at present ^ivo to this (pn'stion is that most of Iho 
other physical properties of tho metal arc .iltered in a like 
maniH'r.” 

In a later rcseaich Matthiesseii detmmined the elecitieal con- 
ductivity of a )are;e number of rdloys and esf.ihlished foimnlio 
by whicli tho conductivity of an alloy at any teiuponituro mieht 
be calculated’. 

More iccently IjO (Jhatidier, \soikm^ \\ith gn'ater ranges of 
tcm[)('rature, has shown tliat m tho case of mc'tals which do not 
undergo any molecular change at toinperatuuvs below (hen 
melting-points the increase of electrical resistance is pioport lomil 
to the tcmpeiaturo. Many metals, however, such as iron, o\hilnt 
irregulauties in the resistances which occur at dtdiiutc tem[)eiM- 
tuies, and are evidently due (o molecular or allotropic chaiigi's 
in tho metal. Similar changes aio also shown in tho case of 
alloys. 

Tho electrical re.sistance of motals and alloys at very low’ 
temperatures has been studied by Dewar and Fleming, who have 
sliown that in the case of ])urc metals tho resistance decrea-,cs 
with tho fall in temperature, and tho evidence tend.s to sliow that 
at tho absolute z,ero all the metals would bo practically perfect 
conductors. In the ease of alloys, however, the results are 
entirely different. Tho resistance decreases only slightly as 
the temperature falls, and in many cases the^resistai.'cc at - 200“ 
is almost as great as at lOOA Tho figures obtained by Dowcir 
and Fleming for a number of alloys an<l metal.s are given in the 
following tables : — 


4 



Alloys. 

Arranged a^ccording to Decreasing Resistance. 
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Mhl’AT.S. 

'\i i.iiiui'W .H'cor.liiiLr to !)( Cl omsiiil: lvc''iN(ancc 



--fi . ill in 

( III u III Ml. I 

I.iiii p. r < (• 


M. t.il 

\M ,.iK 1 ' 

1 1 'lip, ; 1 iiU', 

ID 1 C 

At X.'ii" .1 

1 , 1 am , 

C 

V! I '.pii'l 

I. till. 

U 1 - c 

Lead 

'.!7 '•/' 

■Jl 'h; 

G 0 i 

0 noil i 

'riiallmia 

U1 nd 

7 :- 

4 SO 

0 Oo CIS 

Fickol 

1 ') 1 -: 

1 1 1 .:. 

1 01 

0 eoDj ; 

Tin 

lS'‘t ) 

1111 

'•I'l') 

0 00 1 10 

“A ” [iMa(Anii''trniiLc''-) 

1 7 : 

II 

2 I 

0 em.i 1 

rlatiiiiini 

1 1 SI 

1 111 ',. 

S.'l 

0 (JO.’i.'.J 1 

“11. W. ” Imn(Jfo],KiiiJ 
and W'lllnnn^) 1 

1 1 ()D 

leal 

1 ' 


CadiiiMiiii , . 1 

1 : M 

10 OS 

2 0.1 

O'OOli'i 

Palladmni . ’ 

IS 70 

! 1(1 s ( 

2 , S 

0 Oo 'll 

Zinc , . ' 

7 »1 

(i-21 1 

1 ;,() 

0 1 0 m,, 

Magiicsnini . 

C> 'Cl 

t DO 1 

1 no 

0 IM',".-] 

Ahiininiuni . 

s-r >7 

2 • 7 7 

0 .III 

0 ooic; 

Gold 

C'll j 

2 .! 1 

0 (i^ 

0 Od 177 

Cojipcr 

‘i :‘J i 


0 2t) 

O'OOlcs 

Silver 

2 OG 1 

1 (IS 1 

O' I'l 

0 Oo 1((0 


Lord H.iyJ’ciuh sii;;L;cd,s a pc cxpl.in (Mun Icr I Ik' mmm i k.tlili' 
(iillcieiico in the \ icnr cf \ s uiid pm c hk i al,'-, w li h i cmi d 
to their elect I leal iesi'^(micc‘. on the ,l^^llll)p(lcllc^ I he Ik'I' i c mmciI \ 
of the alloys AcooidiiipMo l his \ic\v, when a ciUifiit is inscd 
through an alloy, it si'ts np hi'tnceii (he pmlicli'-, (if jj,,. Pii], i, |,f 
metals a sei iK.s of Fellier cilci (s pr'ipm t imial to the cun cn( , ami 
those eicale an opp ''-ing eleoti oniuti ve foict' also pi opci i hmmI to 
the current and ind'stiiignish.ihle, as far as e\[)ei inicni s aie 
concerned, from a xcsi.sL.ince. If (In' alio were a tine ehcinical 
compound tills opposing fmee would not; e\ist. 

This explanation is nndonhf'diy of gicat sorvieo m consid' iing 
heterogeneous alloys, but it ninst lie i (‘UK«iihcrcd»th.it, in the 
case of tiic most peifectly hoinooem'ons allovs Known, namely, 
those of gold and sihcr, the alloy containing atomic pi opoii-ion -> 
of tho two metals and corresjionding to Die foinnila AnAg ha- 
tlie highosti 1 csistanci' of llie scries, ,i fait uhnli can onlv la* 
explained hy a-Mirnmo, as lias bcrij sngac,-,tcd, that tlie Felticr 
effects occur betwi'cn the molecules tlmiM'-che^ 

The variations ip the elccLiica] lesistaiico of amalgams at 
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difTeronb be i u pom t urea have been invent igabed by Mr K, S. 
Wilhnva. I'ln; amalgams oxporimontid upon iiiclmle Lhoao of 
tm, zinc, cadmium, and m.igmsium ; but l-lie mosL pitciost-ing 
of these ia the amalgam wiih zinc. h’ur a given amalgam two 
curves could bo obt.imcd which diflbred entirely in (Mwtain 
inijiortant characteristics Thus, for example, if, after deter- 
mining the reaibtance, the nmalpam was heaU'd and allowed to’ 
cool and the resistance again determined, it w,is found that it was 
greater after heating than befoie. 'I'his could bo lepeated soveial 
times, the increisc in the I'c.Mstaiiec bc'imiing less and less, until 
after heating about six tnmes it w.is fmmd that a fmthor heating 
did not inci'easo the resisfanco. \\'heii tins cnnditiun was reached 
the resistances at various tcmiieialnn's wm’o (hoeimiui'd and tlic 
results plotted in the form of acuive. The aimdg.im was then 
allowed to stand at tin' bmipi iature of the room tor soseial weeks, 
its resiBinnec being imasuu'd evmy nioniing ,it the same t aiipera- 
tnro. It was found that the K'oistamie gradually hi! slowly for 
tho liist three <la_ys, nmst lapidly about the sevimth, and then 
again more slowly. In some ea^es it look osi.\ w('('ks for tho 
resistance to hi'cmiu' steady. A si'eond senes of dot eniniiations 
were then made, when it was found (hat the curve so obtained 
diilered entirely from the first. 

Many attempts ha\e been made to ft ace analogies bedwoen 
metallic conduction and the electrolytic dissociation of salt solu- 
tions, but so far without success. In 1801 (Jeranlm conducted 
fcomo oxpenments on sodium amalgam, fnmi which he concluded 
that the metals might bo si-parated by means of an electric 
current; but Dr Obach, wdio re})eated liis expeiiments with great 
care, xvas unable to obtain any evuh'nee of dissoci.iiion of the 
amalgam. In 1887 tho question was again investigated by 
Koberts-Austen at the request of the Fdeetrolysis Committee of 
the Lritisli Associati )n. lie expennuaited upon alloys of gold 
and lead and silver and lead plac(‘d m cavities cut in a fire-brick 
and maintained in n molten stale, but was unable to detect any 
separation with currents of 300 amperes. It must bo remembered, 
how’cver, that at the high temperatures employed in these 
experiments tho diflfn-.ion must have been very rapid, and would 
probably be more than sufficient to counterbal.mce any separation 
of tho metals due to tlie electric current. ^ With reference tq 
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thoso rxpci-iment« it has licon siii^o^rsf. <1 by Prof("^sor l.od^o tliat 
there must be a pMonp of b<uli(\s on tlie b'lrdrH.ind Ix'twei'ii all()\s 
proper an4 elecholv tes, in whieh sonu’^iadird chanue from wholly 
inotallio to wholly electrolytic comlnetorii mij^hr bo expeeted. 

DifTu^ion. - - ft lias lony been known (.hat p;a.ses which do not act 
chemically upon one another aic cajialdo of tnixiiiy' unifoimK or 
diffusing into one anotlinr, even il the containing them arc 

only connected by a narrow tube, and if the vess(d e(>nl,aming the 
lighter gaa is [ilaced abo\o that containing the heavier iras. 'I'he 
same propi'rty of diO'imion is ob.scivctl in lupiids, and becomes an 
important factor in the manufacture of alloys, [t is c\ident, for 
example, that more mechanical mixing could haidly juodneo tin* 
uniformity whiidi is found in the a,ll<»y of gold and co[)pni in’cd 
for purjioses of coinage. In this case I'Jt'O ozs of the alho, con- 
taining llddozs. of gold and 100 o/s, of (opjior, aio mclial at 
one time and east into liars, when it is found tint an a.ssav of the 
last bar is piaetically idcniical with that of the hist. 

The (pu's! ion of the dill’usion of metals was taken up by Roherts- 
Aiisten as a eonlinuation of the woik of (JiMham on gao'S and 
liquids, and m IS'JG ho eomnnimeatf d to the Ro\'al iSoeiety the 
results ot his nivestigalaons on the diirmion of gold and [il itinnm 
111 load. In tiu'se ovpmnnents the na-lten metal was contained in 
tubes [ilaeed in an air bath, which wa,s maintained at dcliinte 
temperatures, d'he extent to wlmdi dilfusiou had taken {ilado was 
determined by allowing the metal in the tube to solidify aft^'r *i 
given time and anal\ sing sections eut from the bar. The linear 
diffusion is expressed, in accordamco with Fick’s law, b 3 ’’tho equation 

dv 

dt ~ h/./d’ 

wnere 1 C is the dmtanco in the diieohon in which diffusion takes 
place, V is tno degree of concentration of the dilhising metal, and 
t is the time. Ic is the dilfusion constant, aild is thti quantiiy of 
metal in grams diffusing tinongli unit area (one sq. cm.) in unit 
time (one day), when unit difierenee of concentiation (in giams per 
o.c.) is maintained between the two sides of a la\er 1 cm. thick. 

Fig. lb 1 ^ the diagram given by Roberts- A listen to show the 
relative diffusion of gold mid platinum taking place in a period of 
twenty-four hours in molten lead at ^ temperature of 500’ C. 
The columns AB vepresent the actual length and diameter of 



.51 


\LLOYS 


columns of Hind lead, and the splnucs lepn muiI tlic sizes of tlie <= 
butfuiis (jf gidd and plahnuiii extiacted liom the sections of the 
eoliimns as shown. 'Fhe emves aie jilottcd with distances of 
difiiision as ordinates, and concentrations as alisc's.sffi. 


! ! 

! f 

. 1 

1 ! 



1 li 

1 ' 

i- i 

i / 

i ! *' i 

1 i 

s i 

i 1 

1 : 

!’i- 

I 

[wl 

b.-i; 

lA.:! 

V.Y ; / 



r'* 



3 


Kio. 10 — Ibllnsion of OoM niid PlaHnimi in T,tad. 

, The deteiniinal 10118 ol h for a lew nielaK ck' o^\en in the 
follow inn table : - 


Diirusing Mi'tal 

S.ih ( III 

'I’c iiipcnitiiie 

L in SI 111, ire 

('ellt imet 1 es. 

Gold 

- - - 

Lo;h| . 

(102” 

Pci day 

3 00 

Pci hocond, 

3 '47 < 10-’ 



492 

3 07 

3-55 X ,, 

Pliitiiiuni . 


492 

1 1)9 

1 90 X „ 



492 

1 -09 

1 t X ,, 

Goi.i ■ 

i !! ’ i 

.'55 

3-19 

3 09 X ,, 


> Prumitli . I 

r)5r* 

4 52 

1 5 23 X ,, 

SibiT 

; 

r»5r> 

4-(56 

5 38 X 


1 r)5r> 

4 14 

4-79 X ,, 

Lead 

I Iiead . . I 


3 'lb 

3 68 x 

Gold 


550 

3-18 

3-09 X ,, 

Pliuduiiii . 

I „ . .. 

1 560 

1 

3'Ot 

3 51 X ,, 
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fiy ',vav ('()mj')iinson witli thftso ti^^nroa tho n‘suUs of some 
iMiiiations of tlio dill’iisioii of inotils iti iiu'il'ui'v [)ul>lislic(l l»y 
Di- (iiiLlii;io H) 1S85 havo heuii (‘.ilculatcd by tlio s.imd method 
and ^o\o the fallow iu-_; \,diie> of /r iii s(| ciiis pei'd.iy — 


'I'm in meie.iiry at about 15" 

• 1-22 

Leail 

• 1 -00 

Zme „ „ 

• 1M)() 

Sodium ,, ,, 

' O-lf) 

Potassium „ „ 

• 0-10 


These nesidlH leave sme.c liecii piae.tieaily coiilirmed by 
H nmplu ('VS. 

Diffusion of Solid Motiils 1 1 has lom^ ])eeii knoun Hub solid 
hodii's aio capahh' of didn^in^ iiiht one anolleT, and the old 
[iroi'fv^ses of’ei'in«']ibat.ion aie bas('d u[)on (diis fact; hub it is only 
within Comparatively recent \(‘a,is that the subject has received 
serious attention trom a tln'nrotieal jioiiit of view. In 18‘20 
Far.iday and S((jdait, \s bile eApei nnent iny; on the alloys of iron, 
ohseaved that stei'l aiel jdatiiimn in the form of bundh's of wire 
could bo readily welded at a temperature con.siderabiy below that 
at which either of the metals ahme would be allecTed, They 
further observed that on eichnu^ the welded ma^s with aciil the 
iron a[)peared to bo alloyed with the platinum. More than half 
a century later (in 1877) Ghernoli' dnuv attention to the fact that 
if two surfaces of iron are heated to about (>50'’ in iiifmiato co:i 
tact with one another they wull iiinte. Kiom tins date th(^. 
publication of researches on the diflnsion of solids became more 
freipieiit. In 188’2 S[>ring domonstiated that alhiys may be 
produced by compression of their constituent ineta].s in a fine state 
of division, while Jfallock in 1888 slmwod that similar results 
could bo obtained without the aid of piessnrc, but at somewhat 
higher temperatures In 1894 Spring show I'd that»two carefully 
prepared surfaces of tw'O metals piessed together and maintained 
at temperatures of from 180° to 400° for eight hours would inter- 
penetrate and form alloys at the junction of the two metals. 
I'he first actual measiii ('incuts of the rate of diffusion of solids are, 
however, due to Rob(uts-Austen, who extended his researches on 
ditl’usion from the tiuid to the solid state, and in 1890 published 
the results of what^ is now justly considered one of the classical 
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researclies on alloys. He determined the rate of diffusion, /r, of 
gold in solid lead at various temperatures, and his results are 
given hel'ow, with the rate of diffusion of gold in fluid le^d at 550* 
for tlio sake of coinjiarison ; — 



K 

Diffusivity of gold iu fluid lead at 550* . 

8 19 

,, ,, solid lead 251* . 

0-03 

„ „ ,, 200* , 

0-007 

„ M 165* . 

0-004 

„ „ „ 100* . 

0 00002 


In order to deterniino the rate of ditfusion of gold in lead a 
the ordinary tempcratnie, discs of pure gold were clamped to ihe 
ends of cylinders of lead '88 cm. in diameter, and these were kept 
at the ordinary temperature of the atmosphere for a period of 
four years. At the mid of tliis time it was found that the discs 
of gold adhered to the lead cylinders and that diffusion had taken 
place. iSlices ueio cut off the cylinders, the first 0'75 mm. thick, 
and succeeding layers 2 3 mm. thick, and these were then assayed. 
The first layer was fouiul to contain us much as 1 oji. 6 dw'ts. of 
gold per ton, while the fourth layer was estimated to contain 
1^ dwt. per ton. From these results lloberts-Austen calculated 
that the amount of gold which would diffuse in solid lead at the 
ordinary temjieraturc m one thousand years would be almost the 
same as that which would diffu'^o in molten lead in one day. 

Liquation. — When two or more metals are melted together and 
allowed to cool it seldom happens that the resulting alloy solidities, 
or freezes, as a whole and at a definite temperature. Usually one 
portion freezes first, rejecting another portion of diifereiit com- 
position, which then solidifies at a lower temperature. This 
property is known as Ivi^iation, and has been made use of in the 
well-known Pattinson process for the sopaiation of silver from 
lead. In this process it will bo remembered that the lead con- 
taining silver* 18 melted and allowed to cool slowly, the almost 
pure lead being ladled off as it solidifies, leaving a stdl molten 
alloy comparatively rich in silver. 

The property of liquation has been long known, but it is to 
Dr Guthrie that wo owe the first systematic investigation of the 
problem. Ho considers that the solidification of a molten alloy 
is analogous to tiio solidification of a mass of molten rock in which 
the quartz and felspar solidify before the micq-. So, in the case 
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of alloys, a certiain metal or alloy solidifies first and eventually 
leaves behind the most fusible alloy of the aeries. This alloy 
Dr Gutlu-ie calls the cutcctic alloy. The constituent ihetals in 
the eutectic alloy do not occur in atomic proportions, and ho 
remarks that “ the preconceived notion that the alloy of minimum 
temperature of fusion must have its constituents in simple atomic 
profiortions, that it must bo a chemical couifumnd, seems to have 
misled previous investijj^ators.” lie admits the existence of com- 
pounds, but declares that “the constitution of eutectic alloys ia 
not in the ratio of any simple multiple of their chemical cijuiva- 
lents, but their coni])osition is not on that account less fixed, nor 
are their piopeities less dellnite.” 

The phenomenon of lapiation has been long known in the case 
of the copper-silver allo\8, and, owing to the impoitancc of’ these 
alloys for coining purjioses, they have received considerable 
attention. D’Aicet in l(S2t and Metekh'in in KSdl both 
pointed out that the alloy.s of silver and copp('r are not homo- 
geneous; and Levol, in Ibn-l, as the result of a very careful 
investigation condiieti'd on these alloys cast iu botli cubical and 
spboneal moulds, came to the conclusion that the only homo- 
geneous alloy of the series was that coiitainmg 7 1 '89 per cent, 
of Sliver, which he considered to bo a definite combination of the 
two metals corresponding to the formula AgjCuj. 



Fro. 20. — (Uibo showing li(][uati()ti of Silver and Copper Alloya. 

In 1875 the questiou was taken uj) by Roberts-Austen, who 
repeated l.evoi’s ej^jpenments. He drew attention to the iidluence 
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of Uu) rato of coolnii^ on liquation, and .showed that in tlic case of 
an alloy containing i)‘Jo pail.sof silver and 75 parts of copper 
very slowly cooh'd in a euhical mould 45 mm in side, the jna.vinnnn 
diilerenei' m conpiosition \va,s only I 1 pm- thousami, Imt as much 
as 13 per thousand wlnm i.tpidly coolerl. Uis (ipuK's are <,nven 
below, (ojreHicr with a diap'ram (lip. 20), showing; the position in 
the mil )(' eoii'cspondin;; with the assay.s; — 
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Di^i assay, Maxitnuin ditloience (l)ctw('('ii (ho oontru 

and tho coiiUMs) (‘40 jua thousand 

Some years later iloberts-Austen returiu'd to the subject, and 
by nu'an.s of coolinp^ curves taken with the recording pyrometer 
showed that Levol’s alloy was the only one which solidified at a 
detinito temperature. Ileycock and jVeville, and Osmund have 
also sliown (hat Lovors alloy is tho true eutectic of the series. 

Mr K. Mattliey has investigated the li([uation of alloys of gold 
and silver containing lead and zinc as obtained in the extraction 
of gold by the cyanide process, and his results are extremely 
im|X)itant. An ingot of this typo weighing 120 ozs. was found 
to contain GG2 p.irts of gold per thousand at the bottom corner 
and only 439 at the top. Another ingot weighing 400 ozs. and 
containing IGA per cent. <^f lead ami 9-5 per cent, of zinc was 
found, on separating the whole of the precious, metals, to contain 
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o;ol(] 514 0 ]t;irts per tliou'^and, a.nd silvc'c 75 S p.ids per tleiusand, 
and its value was recdvoiied at jGIO'JS Tik' valu--, liawever, as 
calculated, fi'Oin tlie nic.iii of Fomlt'cn as^ixs oii the iiUM't’was only 
£9t)5. In the ease of yedd and zinc .Mat.tln'v found that the ^u)ld 
tends to laju itt' towai'ds (he cenfiu of (he mass, luit only sh'ditiv, 
An alloy contaimu!; ^(,H) pails of nf(>Id and 100 of zim,! in the 
form of a splieie 3 in in diaiiu'ter was found to he only I to 24 
parts per thousand rudn'r in the centie than at the outside, 
la.'ad behaves in a similar manni'r; hut (he iupiatioii is more 
inaiked, the eentii' of a sjihoie caibimine: 30 p( r cent, of lead 
heiiiLt 29 paits per thoiisaml rieluu than the outsido. Wduui both 
lead and zinc are pio'cnt the lii|uat,ion is still mote m.iikt'd, and 
in tlie ease of an alloy eontaiiimj^ 15 per cent, of lead and 10 ])er 
cenr-. of zinc the sj)hei(' coni niieil 057 p.iils piu’ tlioiisand at the 
top, 735 ill t’he cental', and 700 at ihe b atom In connection with 
these alloys it is a euiious fact t hat. if ( la* (piani ity of silver present 
IS not less than tw’o-thiids that of (he hvel and ziiie (oi^etlier, they 
show' veiy little lend'aicy to li(|uate, and an alloy eont.iniiiif^ 55 
pel cent, yold, 7 per cent, zine, 10 per cent h'ad, and 20 per eeiit. 
silver, was found to be piaetnall^ homo_;em mis 



CnAPTRH III. 

METHODS OF INVESTIGATION. 

The experimental dinieultios eiioonnlotocl in any attempt to 
inquire into the nature and coubtitution of rnotals and alloys are 
by no means inconsiderable, and until coiupaiativcly recently the 
subject has been one for spi'^ndal'ien and hyjiolhcsis rather than 
for any positive knou led^m. TliC'^c diflicnltios, however, have 
been largely overcome by tlio improved methods of modern 
research, and befoio dealing with ilio constitution of alloys it 
may bo well to consider the vaiioiis methods which have been 
employed in their invi'stigation. 

These have been conveniently classified by Hobei bs-Ansten and 
Stanslield under the following lie, ads: — ■ 

1 . The Clnmucal Groupin'.^ of the .Metals in a Solid Alloy. 

2 . The Separation of the (Constituents during Soliddication. 

The iirst of these includes the following methods of investi- 
gation : — 

a. Tlic specific gravity of alloys. 

h. The clectneal resistance of alloys. 

c. Ditrirsion of metals in alloys. 

d. Elcctrol}Mic conduction. 

e. Thei 1110 electric power. 

/. The heat of combination of metals to form alloys. 

(j The electromotive force of solul.ion of metals and alloys. 

h. Isolation of the constituents of alloys by chemical methods. 

i. Micro.scopic.d examination of alloys. 

The second group deals with those methods involving a study 
of the 8 cparati(jn of the ci^istitucnts of an alloy on solidification, 
and includes — 

(JO 
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(a) Mea.surement of fall of tcinpei.itiire during Holidi lication 

by inc'.'ma of a pyroiucter. 

(b) Mechanical Keparat ion of the consLitm'nts of ^in alloy 

by heating to delinite tempci' itmes, aiul diainmg off or 

preysing out too lupiid portion. 

(c) Investigation of the changes in the maenetio character 

of certain alloys during healing an<l coolin^^ 

The hist four of these nu'thoiis, vi/. the defentiMial ion of 
specific gravii}', electrical rcsistaiee, <lilln'ion and clectKjIytic 
conduction, Infvo alre.idy hiaai eonhi<lei eel under tlio “ Ihajpc-Ttics 
of Alloys,” and need not bo (h'alt with here. 

Thermo-electric Power. — Tins piopi-rtv has been snggi'sted as 
a means of throwing light on tlu' na,tui(' of alloys, hut has not 
boon very fruitful in rcyiilts, owing to the fact that a change in 
therino-elecdric power ruay lie caused by ,in allutiopio as well as 
a chemical change. 

The Heat of Combination of Metals to toiin Alloys. - -A gieat 
many metals evolve heat when iiniLe<l, such as aluinininin and 
copper, ])latinum and tin, arsi me and antimony, hisimith and 
lead; while the union of othcr.s, such as lead and tin, is accom- 
panied by an absoiption of heat. In tbi.s case the almnpiion of 
heat is small; but tberc is an example of an alloy, fhst described 
by Mohr, in which a very marked lowciing of torn jiei atm o can 
be produced, alloy is foiincd by taking lincly duid.cai tin, 

lead, and bismutli in their C(|uivaleiit pio[)(ations and rapidly 
mixing them with eight ccpiivalents of mcicnry. Jn this way 
the temperature of the mixture will aclnally (all fiorn -j-17^ to 
- 10" C. d'he determination of the heat of combination may bo 
made by adding one metal to another m the molten state; but 
in the case of solid alloys the detci nun ition can only be ariived 
at by indirect mcthod.s. One such inetliod consists in comparing 
the heats of solution of the alloy au^l of t)ic sepn.^’ato metals in 
acids; but this method is open to objections. Lord Kelvin, 
Galt, and Gladstone have made dotcnninations of the heat of 
combination ; but, so far, the results have not added much to our 
knowledge of the constitution of alloys. 

Baker {Phil. Trans., vol. exevi. p. 529) has made determinations 
of the heat of combination of a large number of coj^per alloys. 
The method adopted consists in determining the diflereiico between 
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the lioats ()f dissolution .>f the alloy and an eijmNiik'nt wa-i^lit of 
its cons! il iionis in a siiilablo solvent. 'Tho .s(j)\t‘nt,s einplovcd 
were an .Vineons soliilion of clilonne, a niivtme of .ainniqnnnn and 
ferric eliloi ales, and a inixlnie of animonnnn and cnprie chlondi's 
In the. (.isi'of the copja-r zinc alloys the cxpciimcnts show 
that — 

1. d'hero is an c\oli]ti<m of la it in the forination of all the 
alloys. 

2. d'luK evolution of he.it le.irhcs a ina'iinuni in tlio case ot 
the alloy concspoiidiny to the fonnnla ('iiZii„(/c. 22 per cent, 
of coppi'r) 

The Electromotivi' Force of Solution of McL ls and Alloys — 
This nietlh'd has been used by Laiiiie, .ind h.isyivaa! most v.ibiable 
ovirlimco as to the e\i (cnee of coinpoiin is ni allo\ d'lio melliod, 
as employed hy Lam le, depends upon I In' (act ih.it if rimiyalvunc 
cell - say, for example, a Itunell i <-11 (he /me plate is u'jil.mi'd 
by a Lompoimd pl.ite made bv jommy lopi'iliei lod.s or jilate', ot 
copper and zinc, the clccti omol i \ c force is not altered' tins is 
the case even if (he zine, smfaco is only one thonsmdtli 
part of the copjam Miiface If now (lie zinc [ilatc in ,i 
Danicll cell IS icplieed by zinc ailo_\s ronl.nnmp; incuMsinyly 
lai'ue pcicv'nlaui's of e pper. it is found lint the (dci't romotivc 
force docs not vaty appreci.ibly until an .alloy cont, lining 33 per 
cent, of coppiu- i.s re.ichcd, when there is a sudden fall in the 
ch''<'ttomot 1 VO loicc, Fiom (his it is aigued that in this allov 
there IS no fico zme prcMoit; hut that it is all in coiulmiation 
with the copper, and fmms an alloy uhidi may be ri'jncscnted hy 
the formula (.aiZn,^ In the same w.ty with the coppn tin alloys, 
a sudden change in thir cleetioinotne force, is iiotiei'd when the 
conpiosition of the alloy eoi ie-^[)oiids to a foi mula .SnCujj, ]\foic- 
over, if an alloy con timing an exei'ss uf (in bo emploied the 
excess of tin isylisMilve.d out until the same alloy SiiCu^ is nsiclied, 
when no further change occurs. These lesiilts hoar out the e\ idenee 
obtained from the delei mmations of the density, theim.d and 
electrical conductivity, and also the mierosropieal cxaiuiuatiou and 
cooling curves. These will be discus.sed later. 

Isolation of the Constituents of Alloys l)y Chemical Means. 
— It frequently happens that one eousdineiit uf an alloy is less 
soluble ilia given solvent than the renmnider^ of the alloy, and 
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tliis 13 more especially the ca'^o when componiKD an' pif'-cut. Tfc 
IS Llicrcl’oi\‘ po^'Sihle, by umii^ a suil.ibic s(»!\riil, to (il^^olvc 
the more soluble portion, ami tins can ol’ttm be I'.u ilit.it ( ^ 1 1»\ tiic 
employment of an electric current The le.Mdm' can limn be 
liltcied olF and amdysed. rimtopi.iph 4 is an ex.impN' of a 
(■•impound scpaialral in tins way 

The Microscopical Examination of Alloy. < -'rne e\idcnec 
all'ordod by the mica osco])(‘, m icl.ilion to tim coimtit m ion of 
allots, has Ijceii of such value l.hat it may with adsantaou bo 
(amsidei ('d at soim' Icnpi h 

ddie sy.stematac study of the ^tim hue of ne i d> as n \('aled bv 
the microscope w.is limt nmh'itaken by Dr.Soiby of Shrlliold as 
an introduction to the study of nmtcoi ic iions ‘‘ It was a. naf ui al 
thmp;, he says, “ that 1 should lie led fiom the study of tlu^ micio 
.s<.‘opie,d sthietuie ol locks to that of meteonh's, and in Older to 
explain the stimture of melcoiu^ iron 1 commenced tlie study of 
ailiticial iron.sd' He booan this study in lSf)3, and in the follow- 
ing yeai his paper (hi a xXew MpUkxI of I/hi^fro/nKj fi,o fUrnrhint 
of variouii Iwoh of Sh'/'l hy Nafnre If mthuj wuvS published by the 
Sheliield Liti'rary and JMnloso[)hical Society. In 18t).') lies papc'i 
On the MicriK^ropinil f^hnrtnre of MOconto^ anO Mrlconc Ivon was 
[Uiblished by the boyal Society. Nothing furl her appi'.u's to ha\e 
been done until Prof. Mai tens published in 187(^ the results ol 
liis investigations, which were caiiied out tpiile indejieiah'ni 1 ) 
The importance of the study of the nii( losliuctuie of metals .md 
alloys was soon recognised, and the woik of Dr Sorbv anti Prof 
Martens was taken up and extended by WVddmg, Osmond, 
Andrews, Pehren.s, Howe, Clharpy, Le Ohati lii-r, Robm ts-Airsten, 
Stead, and many others. 

In order to study the structure of a metal or alloy bv im ans of 
the microscope it i.s first necessaiy to picfiare a polished surlace, 
and for this purpo.se a section of con vciimnt.si/e nnmt be obiamcd. 
In the case of comparatively soft alloys this may be ettbeted by 
sawing through the alloy with a hack .s;iw and then filing into 
shape. In the case of haul ami brittle alloys a diamond cuttfu- 
niay be irsed, but a simjilcr method consists in brc.iking the alloy 
and selecting a fragment with a comparatively smooth face. 
This face is then ground down on an emery wheel until flat. The 
size and shape of^the sample to be polnshcd will depend ujion 
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nrcumstanoos. It may bo that a section of thin wire, or of 
i small luibiiie blade, is to lie jxjlislicd ; or it may l>c necessary 
M exaimiic a firebox plate or a large casting. In the case of 
small seel ions some skill and ingenuity is naiuiied in the polishing, 
while m the case of largm- sainjiles from which a poition has to 
bo cut the selection of tho sanqilo must be mado with dis- 
cretion. In any ease, tho surface', to lie polishi'd should not be 
much moro than half an inch across, or tho labour of polishing 
will be o.\c('ssive. 

Tlnii sections can bo ])olisbcd most readily by first embedding 
them m a larger piece of rnctal of similar baldness. Tins can 
somi'tmies bo ollbctcd by olectio (h'posiLing metal of sulliciout 
thickness U[)on them and then jiobsbinu tbo wboh* section, but 
in tho case of smi|)]c si'ctioiis, such as thin sheet, it is usually 
simpli'r to make a Lsaw cut lu a piece of inet,t,l, iiiscit tho sheet, 
and then close tho cut by sipiec/.uig in a vice or liammcniig 
Tho two can then be tiled nj) as one jiiceo. 

In w’balcver way the samjile is taken, great care sliould be 
exercised during tiling to jirevcnt teaiing of the surface Ai’tei 
tinisbing on the smoothest file tbo section is now lubbed dowi 
on emery ]iapers of increasing tineness, usings tiist the oi liiiai} 
English papi'i’s and then those of J'k'cneh make used by slee’ 
engiavors, and marked 0 to OOUO. 'J’bo grinding on each pnpei 
must bo continued until the scratches produced by the jirovious 
p;>por have entin'ly disap[)cared, when I, ho lu'xt pa[)er is sub- 
stitulcd and the section turned tiirongli an angle of 90 , so that 
tho new scratches are at right angles to the previous ones. In 
this way it is easy to se(3 wdicii tho coarser sciate.hes have dis- 
appeared. This preliminary polishing is most rajndly performed 
by attaching the emciy pa[)eis to the surfaces of wooden blocks 
or wheels, which are mado to revolve at a high rate of s})ced. 
After ruhhingglowo on the last emery paper the surface should 
bo free from all coaisc scratches, :md is now ready for the final 
polishing. Various methods have b.M'u devised by diilbieut 
workers for tho hual polishing of tho section, and some of these 
will now be dealt wuth. 

For rough work tlio section may bepoli.slicd on a wheel covered 
with chamois leather or broadcloth, upon whicli a small quantity 
of fine dry jeweller’s rouge' has been sprinkled. For liner work 
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t^ho wIkm'I f^lioiikl Ilf f()V('if(l with hioadc lot li which is fu'pt wet, 
,ui(l well w.i.'hitl (nif_;f f lilplov f(l. Wet polishllii; lii.iv lakt' 
hinpo-'r, hutj.s fat ninic satisf.ictory tlian dry. 

Ifoupc sudalili? foi jiolishiiiLi IS jncfiatcd m the folhiu iii;.; wav 
\ f|naiit it V of jowi'llfi's lYiiif'i' IS stilted u|) with a laivf hulk ol 
water (ahoul. ott eiaiiis of i'niii:e to a lilie ot watei) iii a laiyi' jai 
or h(\'ikor, and is then alloui'd to stand foi tint t v seconds and the 
llijind deeantei] This is allowtd to stand toi some time, when 
tho wati'r is poured oil, and the rouee which has ^(Mill'd is used 
for t lie polishiny. 

^\'lth Sami' allo\v it, IS wi'll to avoid the piesencc of uatei, and 
111 these eases tlie lonee niav he moistened with a little p.ii itliil 
This method is ^<-'ry sueia'ssful in the case ot eo[)pei and eoppei 
alloys 

ho Oliatelier has made a numhei r)f (.'xpeMlm'iil s on tho suhji'et 
of polisliiiio^ With <i view to mei e,ism;_. the spee(i ot the maiiipula 
lion lie poinls out that, ni t,he wa->hmp ot powdeis the ipiaiilitv 
of ( a rhoiiat e ot limi' m ihewatei is quite sullieieiit to cause the 
-umatioii of lumps, eoulainuie both eo.use and tine parliili^, 
and he i('(ommends the follow itiy mi'thod The powdet is liisl 
tieated with wili'i i oiitainiiia one pait of iiitiie aeid m om 
thousaiel of watei, m older to dissolve ,iii\ salts pn sent Tie 
nu\t ui e Is Hill I I'd, allowed to si't tie, and t he eleai llq uid deea n1 ed 
Thi' pioc'sss ot wa.sliitip and deeantme m now eoni mm d with dis- 
tilled waL(a until thi'aeid is lemoved and theHotllme takes plaei 
moieslowlv The sepai ition of the powder is then elleited h) 
addiiiLi: t''Vo oiihie oenliiiH'l ii-s ol ammonia to I'aeh litre of water, and 
tho top portion of tlu' litpiid is syphoned oil at intervals of fifteen 
minutes, one hour, four lioiiis, twenty iTiir hoiiis. and ('!;4ht days. 
After the ri'tnoval of the t w enty Imit hours powdt'r tie* finer 
pai tieles still in su.spensmn niav he e.iused to settle rajiidly by 
adding a small ipiaiitity of aeetie .aeid (o the liipnd. 

The powder in the first deposit is niisuitahle, fnr polishmpq and 
the second and third are somewlial i oarse, Imt, the deposits 
collected bi'tween the first and the eighth day constituti' the tine 
polishing pow dels 

The pow’ders so prejvin'd are niived wink' still wi't wuth thin 
sliavings of veiy dry (’astile soap, in the pinportion of om' part of 
soap to ten parts of the wet powder d’he nnxfuie is melted 
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in ;i water bath and allowed to cool, stirring continuonsly, untjl 
the mans begins to thicken ; it is then poured into tin tubes 
similar to those lu which oil paints are kept 

Le (lliateiier has found the following substances to lie the most 
satisfactory Alumina obtained Irom the, calciua,tion of ammonia 
alum, commercial Hour emery, oxide of chromium obtained from 
the calcination of ammonium bichromate, and oxide of iron 
obtained from the calcination of iron oxalate. Alumina gives far 
hotter rennlts than the others. 

These are the usual methods for ohlammg a polisht'd surface; 
hut when soft metals have to ho dealt, with, sueh as hsid, it is 
extreiiK'ly ditlicult to obtain a good [lulish, and only the slightest 
proHsuie must b(‘ usi'd 'to overeoiiie this ditla iiUy Lwiiig and 
Roseiiham ha.ve adopted a method of ohi.umiig a smooth surface 
without ha,vmg i (“course to any im'ch.uiica! polishing This 
mothod is esp(‘eially useful in the case oi lesc'.uch woik earned 
out on easily fusihlc m('tal.s and alloys, .iiid consists in [louring 
the moltim metal on to a smooth siii facij siieli as glass, mica, or 
polished st<“(‘l, m eoulaet with which it is allowed (o solidity. In 
practical woik. however, it is obviou.sly not pcimissihlc to melt 
the alloy, and the s|M'ciincn must he polished Lor ' his purfiose 
a little (Hobo metal polish and chamois leather will bo found 
(juite as satisfactory as more elaborate methods 

When an alloy which is composed of eonstituents of diU'eront 
degrees of hardness is polislied on a soft mateiial, such as leather, 
cloth, or parchment, the liard constitiomts will appt'ar m relief, 
and a preliminary lixamination of the [lolished suihum is freipiently 
of great value in a Holding information as to the u'lative hardness 
of the constituents of an alloy. As a rule, however, it is necossaty 
to subject the polished surface to the corroding action of some 
chomica) reagent in order to distinguish the coiisLituorits. This 
process is jtnown as “etching.” 'the reagents most fre(]neiitly 
used are the various acids, but alkalis, alkaline sulphides, and 
many other reagents are also used, either in aqueous or alcoholic 
solutions. Some alloys are most satisfactorily etched by placing 
the polished specimen in a salt solution and connecting it with 
the positive polo of a battery, while the negative pole is connected 
with a piece of platinum foil. 

In addition to the ordinary methods of etching there is the 



MK/rilODS OF INVKS'l'lOATlON. 


67 


Diediod of “ tintiiiu:;,” wlju^li consist, s in siin{)ly lieiitino tho 

spccniicu in ,ui- until the polislicd sui face ,is-,unic,s :i dccuh il colour 
du(' to slight o\idation, and then coolini;: (pnckly by lloatinp; on 
mercury, 'rids luetliiod baa prtjved of llu' preatcat value in 
the hands of Mr Stead, who has shown tliat it is the only satis- 
factory method by wliich carbide and plio.spfnde of iron can be 
distinguished when associated in iron. It is usually suflicieut to 
heat the specimen on a liot plate, Imt if any dctiuite tomporatuiv 
is desired a bath of molten tin or lead may he employed Modifi- 
cations of this method consist in heatnio the spf'ciiiion in ycisos, 
such as snlpliurottod h\droocn, in oidor to obtain a film of sul|)iiid(' 
or otlitT compound in ])lace of tlu' oxide 

fn spec'ial eases etelnno may be ell(>etod by means of poises, ;nid 
tho iiuthor has loiiiid this method of pleat \,ilue m the stinK ol 
oxides in metals For this pur[H)S(' hydiopeii is used, tlu' p<»lisli('d 
spi'cimi'Ti heinp placeil ni a heabsl eomlMiviion tube lluoiipli 
which ]mre dry hydiomm IS [lassed 'I’he o\id« ^ .iie ie(|i!e, d h\ the 
hydiopoii, and nieidciilally th.' cixst.allmc sliuetutc i,-. ile\e|.,p,Ml 
'I’liis, liouovcr, IS snin)l\ due lo the lu at mp .nid not to,iii\ .leiion 
hy the livdiopon, as tiu' ery.stallnu' stnutiiK' is eipiidh well 
do\ eloped hy any neutral or nou-oxidi.smp eas 

Tiio mothods of otchinp are so numerous tint it, is i m | lossd »le 
to di'al with them except iii a general way, l)ut tlu* more nu 
port, lilt reapents may hi* hriellv desenhed 

hor steel and iron alloys tho most useful eodinip ,ipeut is a 
-6 per cemt, alcoholic solution of pierie acid. The spe( imen aftei 
polishmp IS merely dpiped in this siduLion foi a few seconds and 
then washed in alcohol and dried. 

hor bronzes, brasses, (Jerman silver, and rmailv all cojijicr 
alloys a 10 per cent, aqueous solution of ammomum pcrsul[)hate 
will be found the most satisfactory Tins rcapmit was sugpested 
by tho author many years ago on account of two useful properties 
which it possesses. Firstly, the etchinp is etleeted hy simple 
immersion of the s[)eeimen, no rulihine f)emp required as m the 
case of some other etching apents 'I'lns is an imjiortant con 
sideration with soft alloys ’whadi arc very taisily scratched by 
rubbinp. Secondly, the action takes place without tho formation 
of gas bubbles, which are always liable to adhere to the polished 
surface and cause uneven etching. One pi ecaution, however, must 
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be obstirvod in the use of aimnoniutn perHuI[)}ia((‘ - -t Ih- polislud 
(lorfai 0 iniiHt. 1x4 rtbsulutoly free from oil or grease. To ensure this 
it iH mJVisablo to give the sample a jindiminarv tn'atmeiit with 
soda or potash, followed by washing in water befori' immersion in 
the porsuIphat(‘ 

For antifnetion and othei white me(,il .illoys a peifect etehing 
agent remains U) be diseovonsl, but strong hyiiioehloric ,icid will 
bo found as useful as any 

Aluminium alhns may 1 k> otehed either with dilute acid, 
prefeiably hydroehlone, or with eaimtie soda oi potash 

Silvr'r alloys may i»e tdched with nitrie aeid lU aiiimoimim 
porsuljihate as in tlu' east' of eoj)[)er alloys ; and gold u1Io\n ivipure 
the uee of atpia n'gia 

The (.“omplete ini' loseopieal examin.i tiou of a metal or alloy 
should bo earned out in thiet' stages l''its(, I he sjn'cimen should 
bo simply polished and etamined undei Iroth low an<i high |")\\ers. 
'I'liis will ati’oid information as to the relative haidiiev. (»i flu* 
eonst It iients, and w ill also levoal the pie-i'iu (* of blowholes, cr.n ks, 
and ineliided foreign matter, sueh as shea, eiiehu, oi unallo\ed 
metal Tlu' seeond '‘\amination should be made after slightly 
etelmig the polished surface in oi'dt'r to distinguisli the con 
stitiK'iils This 18 the most ditlicult jiail of the whole pioei'ss, 
and grt'at care should bo taken not to ()\eido llu' etching. The 
safest method is to I'leh very lightly and examine , tlum etch 
u little further and again <',\amiue, and (‘ontmiie the et( long 
until the separate eons! It uents are ele.u K shown. For the tliird 
examination the speetiiK'n should la* deeply ot'died with .i st longer 
reagent in order to show up the ervstalliue struetuio of the metal. 
The first and third examinations can usually he carried out witli 
comparatively low magnitifatioiis, hut the second often it'rpnreM 
magintications of a thousaiul diameters or more to lesolve an 
alloy into its'-compoirents. 

If it is desired to preserve the specimens for future reference 
they may eitlu'r be oiled or the polished surface moistened with a 
.solution of paraftin wax in benzol. This leaves, on drying, a thin 
film of pamflin which can easily be removed when the specimen 
is required for re-examination, by wiping with a cloth moistened 
with benzol. La Chatt'lier recommends the use of a solution 
of guncotton in amyl acetate, which leaves a thin tllm of tntns- 



METHODS OF INVKSTKiATlON f>9 

^.tirnt \.irnish Thi'^ film does not interforo in tiio legist with tho 
I'lcnnutKition of the HpiTinn'ii e\eii un<l('r the hiiilu st powerw 

W’tieii l[ie Hjiet'iiuni han hia-ii piepared il rtMjiiires* to be 
iiioiiiit«(l 111 order to jihiee it on the .'^luj^e of the luieni^t'ope, and 
till'' iiioiiiitin^^ requires a litt le cure in older t hat the him f, or iiiav 
he ,it rii^lit .uiel's to (he optical n\is ot the iiiiciosi'ope With 
i little [Jiaitiec thi' dllhcnlt\ can hi' rcadilv ovetcnnie , hut one 
III t vVi) lucch mil a! d« \ a-C' Idi cusuiiiie a pcitcetl\ level 'Uiiface 
liia\ he hiietiv di'Ciihtd 'The suii|il<'s| ot I he'c iiieiely loiislsts 
ot a liiiliiliei ot shoit It ie_;(lis ot In i" tuhe of dith lent ( I i.i 1 1 let ei s 
uhieh lia\e been etielulh iiil "> lliit then ends aie peifictlv 
tlile The 'peeiiiieii to In e\,tlnlli('l !■' ploeil o|i H ^lass slip, 
With the polished sin I o " dow ira 1 1 ' ' i nd i hi tss | iihe is seh'i I ed 
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*\'lilili will just piss o\i 1 the Spei liiieti A qiialitltN of c|a\ or 
suit wax Is then pressed into the tube con tain in;.'' the Sjieeiiiii n» 
iiiilil it more than tills the tulic, and then a plass slip is phu ed 
on the top and [iiessed into iroiitaet with the hiass rin^ Aiiolh(*r 
di'N iec has been plae{‘d upon the marki't, and is shoun in liy' ’J I 
t Ills consists ot t w o hot I /out d plates, (ho Uppi l oikj fieiii;.^ capable 
of \ertiial nnoenient, but always remaining parallel to the 
lowei one The spcciinen is placed with its polished surface on 
the lower plate, and the iiiiper [date, can^-infj; a ^rlass slip to 
which some suitable clay or wax m attached, is lowenai into con 
tact If lu'cessary it can f)e clamped in jioaition until the 
mounting mediuin has sot 

To of)\ late the necessity for mounting the Hpecimen aeveral 
convenient rnetal-holders Inive lieen fleviscsi. Fig ‘22 is a simple 
form of metal holder, lonsistiiii' of a metal strip with a raised 
centre in which there is an aperture The 8[Hrcmjeu is held with 
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the polirthod Hurfaco afj;an).st the under side of the aperture by 
incauH of ola-stic bandH. 

Fig. 23 shows a combined metal-hold('r and levelling arrange- 
ment The specimen is held by two rotating jaws, and can bo 
levelled by means of the Bcrows A, B, and lil. 

B 


Kio 'J.! — Simple M''Utl holdol 
l(ir iSpc('ini(*nit 

It iH obvious that the examination of metals must bo con- 
ducti'd bv lellected light, and the illumination may be either 
oblMjue or vertical. Oblujuo illumination is only possible with 
low poui'r.s, and for this purpose natural illumination is soiiu'- 
tiiiK'H siilVu'ient. In most cases, however, a parabolic reflector is 
desirable, if not necessary A convenient form of reflector is 
that known as the Sorb\-BecK reflector, and shown in fig. 2 t. It 

-g ^ 

• 4 

Fi(!. 24 — Sorliy-Heck niuininstor. Fra, *25 -Minor lihiiniriator, 

is made to fit on tw the objective, and is also supplied with a 
ainall vertical reflector which can be instantly placed in position 
or dispensed with by a turn of the screw. 

For high power work the illuminator must be placed behind 
the objective, and the reflector in this case may be either a glass 
prism or a very thin glass disc placed at ,45’ to the optic axis 
Those two forms of iihiin.'nator are shownJn tigs 25, 26, and 27. 
It is obvious that in the case of the disc reflector only a portion 




Fio 2S. CtiinhiDoii Mot.il-liolder 
and LevoIIuig Dtnice. 
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.of tho light is utilised, whoreas with the prism the whole of the 
light is reflected This may be a distinct advantage when a 
piiwerful source of light is not available. It must be noted, 
however, that for use with a prism illuminator the objt'ctives 
must bo specially constructed with short mounts so that tho 
t;l.asst‘s may be as elo.se to the j)iism as jinvsible Hoth illumina 
lois mav be ntt' d with stpps or dniphraLMus, so that the amount 
of Imht admitt'il mas la- v.aneil .is desiied 'I'hese will !><■ found 
'["('fill when the srction undet e\.imination h.is .i hidhantly re- 



lleoLing surface, and al.so when high powei oil-immersion olijeetivrs 
ai f IxMiig used. 

As legards tlie optical equipment of tho micro.scope, three or 
four ohjectives and two eyepieces .ire all th.it are nquiied for 
ordinary w'ork. Two projeetion oyepieees, de-^-enhcd by tlie inakeis 
a.s No 2 and No. 4, should be chosen, as they are .specially 
adapted for photographic work, and in conjunction with objectives 
of 16 mm , 8 mm , and 2 nrm. focus will give any degree of 
magnification from aViout 50 to 2000 diameters. For very low 
magnification a projection lens of 35 mm. focus, and used without 
au eyepiece, will be found nsefuL 

The following table gives the magnifications obtained with 
these objectives calculated for a tube length of ICO mm. and a 
distance from the eyepiece to the focusing screen of 1 metre: — ^ 
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Kim us III Him. No 2 F.j I'jiipcfl. j No 4 Eyi'iiii'Ce. 

_ _l 

I 

IJ.O ! 250 

250 I 600 

1000 I 2000 

(witliniil I'yopiocp) 

Any fonii of niicioscojio may lio nsod if it is only dosirod to 
oxaininr ,s|)(>i-iim'ns , hut if pholo^o'apliic im-ords are to bo obtained 
it IS advisable to employ oiio of the special microscopes which 
liave been de^iened for the purpose. These are fltli'd with 
exceptionally wido body tubes m ordei to imniimKC the rotlections 
from the inside of the tube. 

The iuieros(! 0 pe and eatnora may bo used either in a vertical or 
hon/ont.d [losition when model ate ma^mtications are reipiired, 
but when hiji;h-power objectives and a long camera extension 
are employis) the horizontal position beconn's a iiccessity An 
apparatus, theiefore, which is intended for any degree of magnitica- 
tion should be jilaccd m this position 

As regards the illumination, an electric arc lamp with automatic 
feed IS peihaps the most s.itisfaetory ; butany brilliant light, such 
as an incandescent gas lamp, an oxyhydrogen light, acetylene or 
Nornsl lamj), will give good results. In any case a (loudenser 
should bo placed between the light and tho reflector to concen- 
trate the rays as much as possible. 

Foi photogiaphio work IvO Chatelier recommends a mono- 
chromatic light on account of tho chromatic aberration of the 
objectives, winch aro never comjiletely free from this defect. 
Ho obtains a suitable light hy passing tho rays from a mercury 
are lamp in vacuo through a solution of sulphate 5f ([uinine, 
which only allows the indigo, green, and yellow rays to pass, and 
as the green and yellow mys have little or no action upon an 
oi-dinary plate the light may bo coiisidered monochromatic. 

For all ordinary work, however, these refinements arQ un- 
necessary, and a simple arc light and colour screen will give 
perfectly satisfactory resnlte. Fig. 28 shows a small and 
convenient arc lamp by Zeiss The positive carbon is placed in 
a horizontal position and the whole of the li^t from the crater 
is available \wthont intoifdienee by the negative carlwn, The 
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Irtinp takes only 5 amperes, so tliat it t-aii be m^od on the ordinary 
liylitin^' circuit, and, in conjum lion witli the aphinatie eondensor 
KUpplicd by the makei^i, ni\es a li^ht »‘<jnal to an ©idinary 
‘JO aiii{)cre lamp 

Fi;/, J9 shows a form of microsoopo specially made for photo- 
^M'aphie wotk, by Zeis.^ of .ban. It is used in conjuiu'Iinn with a 
(amCra in a hnn/ontal po-itmn, and focnssiiif^ is ctieet<‘d by a rod 
(St) l•onne^■ted by a univcr^.d joint (Tr) with a small milled head 
\Ote li, in it> tuin, the laiyo milled head .M 

The [ihotoyiaphs illnsi lal my; this book were lak'm with a 
microse()p( of ihi-^ foiin which the unthoi h is h.id in eon^tanl use 



I'll. 2S - 8infill /eiss Au' b iiiip tin PhotuniK 

and with peifect satisfaction for tho last nine yeais I'lc'. 3() 
ilbistiates a similar foim of niicioscope intended for use with a 
simple form of camera in a veitieal position 

A complete jihotomicroyjiaphic outlit capalilo of rneeliny all 
requir<‘nicnts is made by Zeiss and showm in tig 31. In this 
instrument the camera and optical parts are arranyed on separate 
tables so that the vibration caused by pullnij^ out the shutter of 
the dark slide is not eominunicated to tho microscope The 
optical outfit consist.s of tho small arc lamp already d<i8cribc*d, 
and an optical bench carrying the condensing lens system and 
any absorption cells oi’* light filters which may be required. 
The microscope .stands on a sole plate provjdcfl with levelling 
screw.s, and can be ^ised either in the hori/onUil or vertical 
position. The camera, which is made iil two sections, is mounted 
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effected on the screen by means of a rod and Hook’s key 
arrangement. 

Fig. 32, illustrates a form of iiiicrosco])e by Heicliert which 
the stage is placed in a horiyontal position so that mounting of 



Fio. 30 — Vertical Microscoi»e and Camera. 

the sample under observation is unnecessary. Two tubes are 
provided, one for observation and another at right angles for 
photography. The optical arrangements are shown in fig. 33. 
A beam of light from any suitable sourde is reflected from the 
prism Pj through the objective on to the apecimen and back 
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?u;. .Ji —Zeiss Outfit fur Photmicrouraphv. 
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through the pri^m After focussing, the prisin P, is rotated 

through An Angle of lH)^ihont an mis at right angles to the plane 


• fr 





i^’ro '?•> t Ml t'ill')/ni]'lii'' Microhcopo 

of the stage, which thiows the beam ot light through the second 
tulle to winch tho camera is attached Fig ;{ I shows the coiuph te 
outfit for photoimero-jraphy 
kSucec'ss in {jhot<'giaj)hi< 
manipulation can only l)e ae 
quired by praetice ;md oipeij 
once, but a feu Innts may be 
useful to tlc'se who aie be 
ginning the study of alloys 
by moitns of the microscojie. 

In the first place, the use of 

light filter placed between 
,v ,71 1 ' 3 . -UplK ttl til i<iiif(ement of 

the source of light and the ileidiert Miciost oiM 

microscope will give better re- 
sults, and if the source of light is an arc lamj), a piece of green 
glass of the kind commonly known as “sigmil” green will be 
found perfectly satisfactory. Any well-known brand of photo- 
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graphic platoa may he used, the speeil of the plates selected 
depciidiiig U) a great extent on the source of illumination. If 
a weak ‘light is boin'_r used, thou rapid plates may l^o used to 
shorten exposures; but if an arc light is employed, the plates 
‘described by the makers as “Ordmar\” will probably be the 
most useful. An exposure of approximately 5 seconds is the 
most convenient, if longer thi'rn is risk of movement, and if 
shorter than d seconds it is dillicult lo time them accurately 
without a shutter, and the use of a shutter involves serious risk 
of vibration unless very carefully arranged 



Fio, 34. — KcicluMt Mu'roactijte luul t.'amoni 

, Slow plates are somotuuos rocommondoii as possessing finer 
gram than rapid plates 'I'lioro was some reason for this in the 
early days of the pliotograjiliic dry plate, but the gram of the 
fastest modern plate, oven when using the higlifst powois of the 
mieroseope, is negligible A commoner mistake, and one fre- 
quently found in text-books, is the statement that slow plates 
are preferable as they give greater “contrast.” The worst fault 
which every beginner m photography has to overcome is this 
temptation to produce negatives with great contrasts, and a largo 
majority of published photomicrographs suffer from the same 
defect. Harsh contrasts are seldom seen under the microscope, 
and are usually confinotl to cracks, blowholes, and certain slag 
inclusions. When they occur in a photograph it is usually the 
result of bad photography or had etching. 

In oixler to obiain the best results, backed plates should be 
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orn ployed, as halation, or rotleetion fioni the hack of (he pi ile, 
IS a c;i)ininon sonroe of tmuhle in i)hot()inu'i*);,Mapjiic work 

When photographs aio taken it is iniptntaiil that standiurl 
111 . iLMiificat ions should ho adopted 'I'ln' iju'at \ahio of plioLo- 
iniei o;^raph.s <us a rocord lies in the ir,idim‘.ss witli whieh tlu'y 
can he eoinpared, and this is rendcied cvtieiiiely (liflieult if all 
ilej^iees of inagnitualion am umsI It u i-^ pomteti out in the 



Kio. 3.0 M<‘r< <>w M I' ^|.^l ujM) 


preface to the tirst edition of this h<K)k tliat expei nnii'e liad shown 
that inagiiiticatioiis of 100 and 1000 dianieter.s fnlhllcd all that 
was nece.ssary in the great majority of cases, and these standards 
have hci'ii adopted hy a large nnrnher of nedalh/i/iaphists 

Ik'foro leaving the subject of inicro-fopos, two in^tniments 
may be briefly desenhed which have jiroved of scivicc in the 
stiuly of metals and alloys. 

Fig. 35 is a stereosi opic niicroscojie whn-h has proved useful 
in the examination df uneven surfaces such a.s fractures 

Fig. 36 is a tnicrometer rnicroscdpe of recent introduction 
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which is likely to prote of great service to the metallurgist. It 
is eapahlo of measiinug distaiice.s up to 20 mm. with an accuracy 
of O'Ol tnm., and a useful feature of the instrument that by 
loosening the screw K the stern of the microscope can be slipped 
out of the split sleeve H, thus separating the stand from the 
upper body, which can then be secured by its stem to any 
laboratory stand and used in any position desired. Another 
model of this muToscope is do- 
^ signed for the measurement of 

\ two distances at right angles to 

I each other. 

Measurement of Fall of Tem- 
j perature during Solidification. 

— In 1884 Dr Guthrie [luhlished 
j |, I th(' results of an investigation 

-- dealing with changes uhicli take 

frr' ' place during the solidillcatioii of 

-dloys, and he ('onics to tlu* 
M conclusion that there is a eloi^e 

^ analogy lietwccii the soliditica- 

vy tion of molten gr<uiite and a lluid 

alloy. Just us, in tlie case of 


a mass of molten granite, the 
'piart/. and felspar crystallise out 
' * * ^ halving the mica still fluid, so 

"^^7 ^ '** alloy certain 

constituents solidify until “ the 

u..- II X 4 alloy of minimum temperature 

rio. 3o, — MeHsurnig Micn>HCopo. ^ 

of fusion” is left behind. This* 

most fusible alloy of the series Guthrie calls the eutectic alloy, and 
he points out that the constituents of this alloy are not in simple 
atomic propojtions. “The constitution of eutectic alloys,” he 
says, “ is not in tlie ratio qf any simple multiple of their chemi- 
cal equivalents, but their composition is not on that account less 
fixed, nor are their properties, less definite.” 


Fio. 36, — MenijUrnig Micn>HCopo. 


Guthrie was only able to deal with alloys of low melting-point, 
and, owing to the experimental difficulties invblved in the accurate 
measurement cf high temperatures, this method of investigation 
was practically neglected until the introduction of the Le Chatelier 
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j)yrometer. The study of pyrometry belongs nither to the domain 
physics than metallurgy ; hut the use of pyrometers in the 
study of ui^loys has become so important that a brief desfiription 
of the more useful types may not bo out of place. 

Pyrometers suitable for the study of alloys, where the tempera- 
tures of small masses of metal have to be accurately determined, 
may bo divided into two classes: 1, resistance pyroiiioters ; and 
2, thermo-electric pyrometers. 

The measurement of temperature by means of the resistance 
pyrometer depends ujion the increase m resistance of a platinum 
wire when heated. In the Callendar (Irillith’s resistance 
pyrometer a fine platinum wire is wound on a mica frame, which 
is enclosed in an outer protecting case. Tiio ends of the platinum 
wire are connected by copper leads either to a direct reading instru- 
ment or to a clockwork recorder. In order to avoid the intro- 
duction of any error due to the variation of the temperature of 
the wires connecting the thermometer with the recorder, two 
similar leads, not connected with the coil, are passed down the 
whole length of the thermometer. This thermometer may either 
be connected with a direct reading indicator or an automatic 
recorder. 

The measurement of high temperatures by means of a thermo- 
electric couple was suggested by Bec<pierel in 1826; but a 
satisfactory couple was not obtained until 1887, when Le Chatelior 
published hia researches on the platinum — platinum-rhodium* 
couple. In this apparatus the couple is formed by joining or fusing 
together the ends of tw’o wires, one ot absolutely pure platinum 
and the other of pure platinum alloyed with 10 per cent, of 
fhodium. When one junction of these wires is heated an electric 
current is generated, and this current has been proved, by com- 
pariBOD with the air thermometer of the Royal Physical Institute, 
to be proportionate to the heat applied. , The i^^ires are 0 6 
millimetres in diameter, and the current generated is approximately 
001 volt for every hundred degrees Centigrade. 

In order to protect the wires from injury they are enclosed in 
porcelain or fireclay tubes. The Royal Porcelain Factory in 
Berlin manufacture tubes which will resist a temperature of 
1600* C., but a simple fireclay tube is often quite satisfactory. 
The couple is insert^ in the tube with a thin strip of mica between 




Fio. 37. — Roberts-Austen’s Autographic Recordiug Pyrometer. 
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thfi wires in order to pu veiit a 
^lioi t eircuit. riio otlu'r end of 
the w'lres forming the couplo 
should he maintained at a con- 
stant tein|ierature, if accurate 
luoasuretncnts are to ho taken; 
and to ensure tliis they aie en- 
closed in glass tubes, winch are 
immersed in ice or else in water 
whose temiHTature is accurately 
known. The 'thenno-couple 
measures the diflcrence in tem- 
perature between the heated 
junction and the “cold junction.’' 
The copper leads are connected 
with a galvanoim-ter of the 
d’Arsoinal type, which may l>e 
arr.inged for direct leadings or 
used in conpinction with an 
automatic recorder In the auto- 
matic recoider devised by Sir 
William C. Roberts- Austen 
mirror galvanomotcr is used 
and a beam of light is reflected 
from the mirror on to a nairow 
horizontal slit, behind whicli a 
photographic [date is causefl to 
move vertically either by clock- 
work or by means of a water 
float, d'he arrangement of the 
apparatus will be readily under- 
stood. by feferenc**e to fig. 37, 
which represents the jjyrorneter 
used with auch admirable results 
by Roberts-Austen at the Royal 
Mint. 

The camera is about five feet 
in length and is suj)plied witli 
three doors, bo that the galvano* 

Fit*. 38. — Sectional Plan of Roberta- 
Austen’s Autographic iRecording 

l^rometor. 
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meter is acccssihle for any necessary adjustments. Connected to 
the caiiieia l)y a flexible leather bellows is the apparatus which 
contains the moving photographic plate. F is the galvanometer, 
which can he ])laced in one of two positions, according to the 
range of temperature to be observed. Inside the camera and 
immediately in front of the photographic plate is the focussjng 
tube T, containing a lens L which receives the light from the 
mirror H and throws it on to the galvanometer mirror. Any 
deflection of the galvanometer mirror causes the spot of light to 



FlO, 39. — Kxaini'lc of ('.ililx tlioii of Pyrometer. 

travel along the slit, and thus traces out a curve on the moving 
photographic plate 

Now it is evident that if the rate of cooling were constant 
the curve would be the simple resultant of two mosements 
at right angles, an^ would therefore be a straight line. But 
the rate of coolmg always becomes slower as the body become.', 
colder, and the actual curve given by a cooling mass is a smooth 
curve of the form shown in the lower parta of the curves in 
fig. 39. 

If, now, the thermo-couple, suitably protected, is dipped into 
a mass of pure molten metal — copperr for example— which is 
then allowed to cool slowly, a dififerent curve is obtained. The 
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.temperature falls steadily until the metal to solidify, 

but at this point the temperature remains constant, owing to 
the latent, heat of fusion of the metal, until the whole* of the 
mass is solid. After this “ arre.st ” in the cooling the tempera 
ture falls again in the usual way. The resulting curve^ theu, 
is similar to those shown in hg. ;U> (which represents the 
cooling curves of the metals tin, lead, aluminium, silver, and 
copper, together with two straight lines ropicsenting the boiling- 
points of water and sulphur respectively), and this is a typical 
cooling curve of a pure metal. There are two possible modifica- 
tions, however, in the case of pure metals \vhich should be 
noticed. The first of these is observed when the metal is 
cooled slowly without being disturbed. Under these con- 
ditions the temperature sometimes falls two or three degrees 
below the true free/ing-pomt of the metal before solidification 
begins. The freezing of the mass is then accompanied by a 
sudden rise in temperature to the true freezing-point of the 
metal. This phenomenon is known as mrfuiiun, and it will be 
rememheied that it also occurs in the freezing of water and other 
liquids. An example of surfusion is seen in the cooling curve of 
tin in fig, 39. 

The second modification of the typical cooling curve is not 
frequently met with, but occurs when a molecular rearrangemoiit 
takes place in the metal at some temperature below its freezing- 
point. In other words, the metal at a certain temperature passei* 
from one allotropic modification to another. A molecular change 
such as this occurs in the case of iron, and is accompanied by an 
evolution of heat, which is shown in the cooling curve. A further 
indication of molecular change is shown by the fact that the iron 
becomes magnetic below this temperature, while before it was non- 
magnetic. Similar results are obtained in the case of nickel. 
The magnetic properties of the iron and nickel alloyf will be dealt 
with later. 

A number of melting-points of metals have been accurately 
determined by means of the air thermometer, and these, together 
with other well known temperatures, are employed in the calibra- 
tion of pyrometers. The most useful temperatures for calibration 
purposes are the following: — 
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Boiling-point of water . 

. 100" 

Melting-point of tin 

. 232' 

Melting-point of lead 

. 326' 

Boiling-point of sulphur 

. 448' 

Melting-point of aluminium . 

. 667' 

Melting point of silver , 

. 961' 

Melting-point of copper 

. 1084' 


It is absolutely necessary that pure metals be used, and in the 
case of the boiling-points of water and sulphur the thermo-couple 
must bo placed in the vapour of tho boiling liquid and not in tho 
liquid itself. Fig. .‘19 shows an actual calibration of a Roberts- 
Aiisten recording pyrometer. In the first place a “datum ’Mine 
is taken by letting the photographic plate run while the galvano- 
meter is at rest with no current passing. The plate is then run 
u second time with the thermo-couple immersed in melted tin 
contained in a small crucible, and so on, all the curves being 
taken on one plate. The distances between the datiun line and 
the various points are then measured on the plate, and, if a curve 
is plotted on squared paper with these distances as abscissa! and 
temperatures as ordinates, an approximately straight line is 
obtained from which any other measurement of temperature can 
be easily read oflP. 

It is advisable that a fresh calibration be made from time to 
<time to ensure that both galvanometer and thermo couple are in 
proper working order. 

In oases where considerable ranges of temperature have to be 
measured, a pyrometer, such as that just described, is open to the 
objection that the large angular deflection of the galvanometeir 
mirror is liable to strain the suspending wires and thus introduce 
a serious error. To obviate this difficulty the current from the 
thermo- junction is not allowed to pass directly through the 
galvanometer, but is opposed by a current from a standard Clark 
cell, which can be regulated and measured by means of a potentio- 
meter introduced in the circuit. In this way only a portion of 
the thermo-eiectrio current passes through the galvanometer, and 
tho mirror is only deflected through a small angle. An apparatus 
of this description, however, requires a special arrangement, as 
the movement of the spot of light has to ^ watched and the 
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electrical balancing of the current carried out during the opera- 
tion. In this cose the galvanometer i.s not enclose*! in a oaimna, 
but the room in which the operation is carrie*! out is somewhat 
darkened, so that the spot of light can bo seen travelling along 
the horizontal slit without fear of fogging the phoLographic 
plate. 

Sir William C. Roberts Austen, in his classical researches at 
the Royal Mint, oniployt'd a water clock coii.sisting of a float 
carrying a photographic plate which moved upwards between 
guides. The whole was enclosed in a case provided with a 
horizontal slit, through which the ray of light from the galvano- 
meter mirror "might pass In thi.s ap|)aratus Roberts- Austen 
introduced a further improvement, by means of whieli very small 



Fio. 40, — Apftaratus for Differential Curves 


variations in the temperature of a cooling Ijody could be detecte^l 
and measured. This method, which has proved to be of the 
utmost service in metallurgical reseandi, is known as tlie 
‘‘difTereiitial ” method, and the arrangimient of the app.iratus is 
shown in the diagram fig. 40. 

B is the mass of metal under examination, and Aj the thermo- 
oouple connected m the ordinary way with the gidvanornetor Oj 
At A, however, a second therm*)-junction is formed which is 
surrounded by a mass of platinum, (’, and connected with a second 
galvanometer, Gj, as shown in the diagram. In this way the first 
galvanometer measures the actual temperatures, whereas the 
second only receives such current as may result from the opjKising 
couples A and A^— fhat is to say, it measures the diffen Mce in 
temperature between the masses of metM 0 and B. 
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By using three thermo-couples instead of two the connections 
can be simplified, as shown in fig. 41 (see p. 180 of Roberts- 
Austcu’s InirodiLction)y and this is the arrangement generally 
adopted in taking diff'orcntial curves. 

If it is desired to make the irregularities of an ordinary cooling 
curve appear very pronounced, the curve may be plotted by the 
inverse rate method as first employed by Osmond in 1886. In 
this method the intervals of time taken by the sample to cool 



A. Electric FamRce B Kj Cold-Junctioni 

B, Steel under eiaminatlon. F Fi. Resistance Boxes 

'* C. Neutral Metal ; Ni-3teel or Platinuin O. Oalvanoinetor for Temperature. 

D. Thermo^ajouple for Temperature H III. Compound Thermo-couple 

Gp Differential Galvanometer 

through equal decrements of temperature are noted and plotted 
in terms of the temperature. 

For works purposes many other forms of pyrometer are largely 
employed, such as optical pyrometers, radiation pyrometers, etc. 
These instruments are fully described in the Introduction to the 
Study of Metallurgy in this series, and it is therefore unnecessary 
to do more than merely mention them here. 

Mechanical Separation of the Constituents of an Alloy by 
Heating to Definite Temperatures and Pressing out the Liquid 
Portion. — Experiments in this direction are difficult to carry out, 
but the results are instructive, and serve 'to confirm the con- 
clusions arrived at by the study of the cooling curves. In 1884 
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^uthrie described the method and gave some results which he 
had obtained in the case of alloys with low melting-points. Very 
little appears to have been done since, but within recent years 
Roberts-Austen made use of the method in his investigations on 
the properties of the brasses. The alloy is placed in a steel 
cylinder provided with two loose plungers, upon which a pressure 
of about half a ton per square inch is maintained by means of 
a hydraulic press. The cylinder is gradually heated and the 
temperature determined by means of a thermo-couple inserted in 
a small hole drilled in the cylinder. As the temperature rises, 
a portion of the alloy liquefies and is squeezed out between the 
plungers; by analysing the extruded portion and noting the 
temperature at which it became liquid, a very clear idea may be 
gained of the order in which the constituents of the alloy have 
solidified and of their approximate compositions 
Change in the Magnetic Character of Alloys during Heating 
and Cooling. — This method of research is limited to a few alloys, 
but has been of great service in the case of steels and iron alloys. 
Iron, nickel, and cobalt are the only metals which possess the 
property of magnetism at the ordinary temperature, and it is well 
known that these metals, when heated, lose their magnetism at 
certain definite temperatures. On cooling they again become 
magnetic, but usually at a temperature somewhat below that at 
which they ceased to be magnetic; owing to a resistance to 
change in the metal, to which the name hyUeresit has been given.. 
The temperatures at which these metals lose and regain their 
magnetism are known as the points of transformation, and it is 
generally supposed that the loss of magnetism is due to an 
allotropic change in the metal. It is of considerable interest, 
therefore, to determine the magnetic properties of the alloys of 
these metals and the influence of other metals on the points of 
transformation. Some metals raise the point of ma^petic trans- 
formation ; others lower it. Nickel, for example, although itself 
magnetic, lowers the point of transformation of iron ; and an alloy 
containing 25 per cent, of nickel requires to be cooled to - 60* 
in order to attain its maximum degree of magnetism. 

The magnetic properties of the iron alloys have been studied by 
Le Chatelier, Osmoncf, and Mme. Curie, whose original papers 
should be consulted for further details. 

t 
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Until recently manganese has been regarded as a non-raagnetic 
metal, but it would seem that it is capable of assuming a 
magnetic condition when alloyed with other metals, ^ Attention 
was first called to the fact by Hogg at the meeting of the British 
Association at Edinburgh in 1892, and his observations have 
since been confirmed by Heusler and others. The principal 
magnetic alloys of manganese are those with aluminium, antimony, 
tin, bismuth, arseniu, and boron. 



CHAPTER IV. 

THE CONSTITUTION OF ALLOYS. 


Thb nature and constitution of inotals and alloys naturally 
attracted the attention of the early metallurgists, and Roberts- 
Austen has pointed out that Achard, Musschenbroek, and 
Reaumur were all engaged in the study of alloys in the eighteenth 
century, but it would appear that Boyle was the first to suggest 
the line of thought which has led to our present views of the 
constitution of metals and alloys. Discussing the states of matter, 
he says: “ Even such as are solid may respectively have their little 
atmospheres” ; and he adds ; “ For no man, I think, has yet tried 
whether glass, and even gold, may not in length of time lose 
their weight.” 

Boyle was therefore clearly of the opinion that the solid state 
of matter was not far removed from, and was in fact usually 
accompanied by, the liquid or ga.seous states, and two hundred 
years later his lielief was proved to be correct by the experiments 
of Merget and Demarcay. 

In 1860 the same suggestion is made by Matthiessen, who, after 
describing his experiments on the electrical conductivity of alloys, 
says : “ The question now arises, What are alloys ] Are they 
chemical combinations, or a solution of one metal yi another, or 
mechanical mixtures? And to what is the rapid decrement in 
the conducting power in many cases due? To the first of these 
questions,” he adds, “I think we may answer that most alloys are 
merely a solution of one metal in the other ; that only in a few 
oases may we assume chemical combinations.” Three years later 
Graham declared his lielief that the solid, liquid, and gaseous 
states probably always co-exist in every solid substance, and he 
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says : “ Liquefaction or solidification may not, therefore, involve the 
suppression of either the atomic or the molecular movement, but 
only the restriction of its range.” In 1866 ho justified, this belief 
by proving that gases were capable of penetrating solid metals. In 
1882 Spring produced alloys by compression of the constituent 
metals, and four years later he declares that “ we are led to think 
that between two molecules of two solid bodies there is a perpetual 
to-and-fro motion of the atoms.” “ If,” he says, “ the two 
molecules are of the same kind, chemical equilibrium will not be 
disturbed but if they are different this movement will be revealed 
by the formation of new substances.” 

From this time the researches on alloys become more numerous 
and the development of ideas proceeds more r.ipidly. In 1889 
Heycock and Neville demonstrated the important fact that Raoult's 
law of the depression of the freezing-point of solvents is in many 
cases applicable to metals. Roberts-Austen, continuing Graham’s 
work on diffusion, published in 1896 his” classical researches on 
the diffusion of metals, followed by another paper, in which he 
showed that diffusion took place between metals in the solid 
state in the same way as in the liquid state, though more slowly.- 
Four years later he was able to prove that gold was capable of 
diffusing into lead at the ordinary temperature of the atmosphere. 

From the foregoing brief historical sketch of the researches into 
the constitution of alloys it will be seen that the trend of modem 
Vesearoh has been to prove that the solid state of matter is 
closely related to the liquid and gaseous states, and that metals 
are subject to the same laws which govern the behaviour of liquids 
and gases. Moreover, just as in the case of inorganic bodies we 
recognise the existence of elements, compounds, and solutions^ 
so in the case of metals we have pure metals, comjwuuds, and 
solutions, and it is important to know how these possible con- 
stituents may occur jn an alloy. 

The methods employed in the investigation of the constitution 
of alloys have already been described, and it only remains to 
consider the results obtained by their use and the conclusions to 
be drawn from them. It has already been mentioned that the 
pyrometer and the mioro.scope have been of the greatest service 
in determining the constitution of alloys, and we will therefore 
consider the different types of curve likely to be met with and 



THE CONSTITUTION OF ALLOYS. 


93 


the conclusions which may be drawn with the confirmatory 
evidence of the microscope. 

If a temperature record, or a “coling curve,’’ la taken of a pure 
metal cooling from a temperature just below its melting-point, the 
curve obtained is a smooth one without any sign of irregularities, 
but if a similar curve is taken of the same metal cooling from a 
temperature above its melting-point the result is a curve similar 
to those shown in tig. At first the cooling proceeds normally 
and a smooth curve is produced, but as soon as the freezing-point 
of the metal is reached and it begins to solidify, the temperature 
remains constant and is represented by a straight lino until the 
latent heat of fusion is given out, when the cooling again continues 
and the remainder of the curve is normal as before. There is 
only one irregularity in the curve, and the metal freezes or 
solidifies as a whole at one definite tempeiatuie.^ In some cases, 
if the metal is very pure eivl the cooling takes place slowly and 
without disturbance, the temperature may descend below the 
true freezing-point of the metal without solidification taking 
place. When solidification docs occur the temperature rises 
suddenly to the true freezing point and remaiDK there until 
soliditicaiion is complete. This super-cooling or surfusion of the 
metal causes a slight depression in the curve at the beginning 
of the straight lino representing the freezing-point, and is shown 
in the cooling curve of tin in fig. 31). 

A simple curve with ouly one horizontal break, showing that, 
the metal has solidified as a whole at a definite temperature, is 
characteristic of pure metals, pure eutectics, and homogeneous 
Solid solutions. Chemical analysis accompanied by a microscopioal 
Examination will at once indicate which of the thr^o ia under 
consideration. 

A word of explanation is, perhaps, necessary as to the meaning 
of the expression tolid ^-oltihon, as it is irequently applied 
incorrectly. Consider, first, the case of a ‘liquid solution and 
the characteiistics which define a solution When a solid 
■substance is dissolved in a liquid the particles of the solid are 
so intimately mixed with the liquid that they cannot be seen, 
even with the aid of the microscope, and the solution is clear. If 
any particles are visible they are capable of being separated by 
* In this case we assume that no allotropio change takes place. See p. 86. 
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nieclianical means, such as filtration, and they are not in solution^ 
The characteristics of a solution, then, are l liat the particles of 
the dissolved substance cannot he detected and cannot bp separated 
by mechanioal means. Now the same definition may be applied 
to solid bodies. In a mass of gold, for example, containing silver, 
the silver cannot be detected under the highest powers of the 
microscope, nor is it capable of being separated by mechanical 
means. The alloy solidilics and crystallises as though it were 
a pure metal, and the mixture of the two metals is so intimate 
that there is a strong analogy between it and a liquid solution 
Van’t Hoff therefore described such a mixture as a solid solution, 
and the expression is now in general use. 

Solid solutions, however, may not always be homogeneous; 
they may vary in concentration. 'I'hus copper containing a 
small quantity of tin (not exceeding 8 per cent.) does not separate 
into two constituents ; but it does not solidify at one temperature. 
As the mass cools down, almost pure copper separates out at first, 
60 that, as solidification jiroceeds, the {Xjrtion remaining liipiid 
becomes more concentrated in tin. The only indication of this is 
found on ^etching a polished stirface, when the unequal action 
of the etching agent shows itself in shaded bands as seen in 
photographs 9 and 10. 

Most metals are more or less soluble in one another, but the 
degrees of solubility are very variable. As regards the structure 
K)f metals and solid solutions, it may be remarked that they do 
not crystallise like ordinary liquid solutions, but more closely 
resemble viscous solutions. Well-defined or idiomorphio crystals 
are seldom found, while crystallites or the incipient forms of 
crystals are predominant. On annealing, however, this crystallitib 
structure is replaced by a well-defined crystalline structure. 
Photographs 27 and 31 are examples of the crystallitic, ahd 
12, 30, and ?4 of the crystalline structure. A curious point to 
be noted in the crystalline structure is that rolling or hammering 
produces abundant twinning of the crystals, while in unworked 
samples cases of twinning are uot seen. 

The third case of a cooling curve with a single break, vh. that 
of a pure eutectic, is seldom met with, but will be considered 
immediately. If, now, a cooling curve is talcen of a molten metal 
to which another metal has been added, the curve may be of 



THE CONSTITUTION OF ALLOYS. 


95 


three kinds: (1) It may show a single break at a tomperature 
below that of the pure metal, showing that the alloy is a solid 
solution or a pure eutectic. (2) It may show two breaks, both 
lower than that of the pure metal, showing that the alloy contains 
two constituents melting at different temperatures. In most 
cases, one of the constituents will bo found to be a eutectic ; 
but they may both be solid solutions or one of them may be a 
compound. (3) If the curve shows tw'o breaks, one Ingher than 
the melting-point of the pure metal, it may be taken for granted 
that this break is due to the solidification of a delinite compound. 
The types of curves will be more fully dealt with later, but in 
the meantime we must define the expressions eutectic and 
compound^ and consider their microscopical appearance. 

The term “eutectic" was first used by Guthrie to indicate the 
mixture or alloy possessing the lowest freezing-point of a series. 
This freezing-point is always below that of the mean of the metals 
of which it 18 composed. The eutectic structure is composeil of 
the different constituents in juxtaposition, but the structure is 
always very small and roipiires a high magnification for its 
resolution, The constituents of a eutectic may occur in curved 
plates or laininee, or in globules, and cither or lx)th may be. 
simple metals, solid solutions, or compounds. Types of eutectic 
structures are shown in photographs 6, 7, 8, and 18. They are 
very characteristic, and cannot easily be mistaken. 

The term compowid or meUdlic conipound is applied to those, 
constituents of certain alloys which re.semble chemical compounds 
in their properties. The formation of these compounds is 
accompanied by an evolution of heat, and they are almost 
hivariably hard and brittle, with melting-points higher than the 
mean of their constituents. The metals of which they are com- 
posed combine, as nearly can be judged, in atomic laoportions ; 
but their composition cannot easily be determined^ as they are 
.occasionally soluble in, or themselves dissolve, the metals of 
which they are composed. They can usually be separated from 
an alloy by dissolving away the surrounding metal, either with or 
without the aid of an electric current, but it is impossible to say 
whether the compound thus separated is pure or not. Metallic 
compounds can usually be detected under the microscope unless 
they happen to be soluble in One of the other constituents, as is 
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Bometimes, but not frequently, the case. Occasionally they crys- 
talliw out in well-formed crystals exhibiting angles and faces, 
but more often they simply occur as crystallites. However, the 
grouping of the crystallites often throws some light ,on the crystal 
form. Photograph 2, for example, indicates a very definite 
arrangement of crystallites, and the compound shown in photo- 
graph 4, which has been separated from the alloy by solution, 
shows a well-formed angle at the extremity of one of the anus. 
Photograph 6 shows a well-formed crystal of the same, compound 
occurring in the alloy. This is an exceptionally interesting 
case, as it is not usual to find two metals forming such well-defined 
compounds. Compounds, of metals with the non-metals, however, 
such as phosphorus, form very well-defined compounds. 

Having now considered the possible, constituents in an alloy 
and the types of cooling curve which they produce, the next 
step is to follow the complete series of alloys formed between 
any two metals. In order to do this a large number of cooling 
curves must be taken of alloys varying in composition and their 
structure examined miorosoopically. The freezing-points or 
breaks in the curves are next plotted in the form of a new curve 
with compositions and temperatures as co-ordinates, so that the 
freezing-point of any alloy can be seen at a glance. This curve 
has been described by Gautier, and is now generally known as 
the complete freezing-point curve” for that series of alloys. 

Le Ch^telier has classified binary alloys having normal curves 
of fusibility under three he^s : — 

1. Curves consisting of two branches starting from the melting- 
points of the pure metals and meeting at a point corresponding to 
the eutectic alloy. A curve of this description is obtained when 
the two metals are not isomorphous and do not form definite 
compounds. 

The alloys of lead and tin, lead and antimony, and tin and 
bismuth, belong to this group. 

2. Curves consisting of three branches, two starting from the 
melting-points of the pure metals and a third having a maximum 
point due to the formation of a definite chemical compound, and 
crossing the other two in two points corresponding to two eutectics, 
Sxamples of this group 'are found in the alloys of copper and 
antimony and nickel and tin. 
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3. A single curve uniting the melting-points of the two pure 
Uietals. This is a case of pure iso- 
morphism,^ which is comparatively 
rare amongst metals. It is, how- 
ever, shown in the case of the gold- 
silver alloys. 

The microscopical examination of 
typical cases of these three curves 
will illustrate their meaning. As 
an example of the first curve we 
will take the alloys of lead and 
antimony. The freezing-point curve 
of this serie.s shows a minimum at 
a point corresponding to 13 per 
cent, of antimony. If the alloys 
containing less than 13 percent, of 
antimony are examined under the 
microscope they are found to consist 
nf soft fern-leaf-shaped dendrites of 
lead surrounded by the eutectic of 
lead and antimony, the amount of 
the eutectic increasing as the per- 
centage of antimony increases until 
the alloy containing 13 per cent, of 
antimony is reached, when the whole 
mass is composed of the eutectic. 

When more than 13 per cent, of 
antimony js present hard crystals 
of antimony make their appearance 
in the eutectic, and these increase 
as the percentage of antimony in- 
creases. Owing to the superior 
hardness of the antimony crystals 
they are easily visible by simply 
polishing and without any etching. 

The second type of curve is Binary Alloys, 
well represented by the alloys of 

copper and antimony.* In this series there are two eutectics 
corresponding to the alloys containing 26 and 71 per cent, of 
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copper, while between these two points the curve rises to a 
maximum corresponding to 60 per cent, of copper. This is the 
composition of the definite compound SbCuj. Starting with pure 
antimony, and adding copper in increasing quantities from 0 to 25 
per cent., a microscopical eiannnation will reveal crystals of 
antimony surrounded by a eutectic, the crystals decreasing and 
the eutectic increasing in quantity until 25 per cent, of copper is 
reached, when the whole alloy is made up of the eutectic. When 
more than 25 per cent, of copper is added a new constituent 
makes its appearance in the form of crystallites having a distinct 
violet colour. These crystallites increase in quantity until the 
alloy containing 60 per cent, of copper is reached, which consists 
entirely of the violet alloy. Between 60 and 70 per cent, the 
alloys are found to consist of violet grains surrounded by a net- 
work of eutectic, and when 70 per cent, is passed dendrites of 
copper are seen surrounded by the second eutectic. 

It will be seen that the alloys which fall umler the secuiid 
group in Le Chatelier’s classification, viz. those forming definite, 
chemical compounds, really give the same curves as the alloys of 
the first group, but duplicated. That is to say, the curve may 
be divided at the point representing the compound and oon- 
"sidering the compound as a separate constituent (which it is), and 
not as an alloy. The curve is then resolved into two curves of 
the first group, and represents two freezing-point curves of two 
' series of alloys each formed by a pure metal and a compound. 

The third group of alloys is comparatively rare, as very few of 
the metals are isomorphous. An example, however, is found in 
the case of the gold-silver alloys. The freezing-point curve 
consists of a single branch uniting the melting-points of gold and 
silver, and a microscopical examination fails to sliow the existence 
of any eutectic or any definite compound. The properties Of the 
alloys pass gradually from those of gold to those of silver. 

These three groups of alloys have been described as having 
normal curves of fusibility ; but in a large number of alloys the 
curves are more or less complicated. For example, it may happen 
that one metal is only partially soluble in the other and is at 
the same time capable of uniting with it in differeht proportions to 
form a definite compound. Again, a compound may be partially 
soluble in the pure metal, or may be isomorphous with one of the 
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metals. In such cases very complex freezing-point curves are 
obtained, whose meaning can only be explained by patient and 
laborious ijesearch. The alloys of copper and tin give rise to a 
complex freezing-point curve ; and as these alloys have received 
more attention than any others, they may be considered as an 
illustration of the investigations which may be necessary in order 
to understand the constitution of a series of alloys. 

Fig. 43 is the complete series of curves given by Heycock and 
Neville, and represents not only the results obtained from the 
cooling curves of the alloys, but also the results of a very thorougli 
microscopical examination. In order to understand the changes 
which take place in the solid alloys which give rise to breaks in 
the cooling curves, Heycook and Neville have adopted the plan 
of quenching the alloys at temperatures above and below the 
breaks shown by the pyrometer, thus fixing the structure of the 
alloys at these temperatures, so that they can be examined under 
the microscope. A diagram which gives the temperature at 
which changes take place both in the solid and liquid alloys is 
known as an equilibrium diagram. 

The curve ABCDEFGHIK is the freezing-point curve of the 
alloys, and has been described by Prof. Bakhuis Roozeboom as 
the liquiduSf indicating that when the temperature is above this 
line the alloy is entirely liquid. 

The line AblodefE 2 E 3 H'H"lK' has similarly been called the 
solidus curve, indicating that at temperatures below this line* 
the alloys are entirely solid. Between these two curves there is 
a region in which the alloys are partly liquid and partly solid. 
At these temperatures the alloys consist of a solid relatively rich 
in copper and a liquid relatively rich in tin. 

The lines below the solidus curve indicate changes taking place 
in the solid alloys, and have been arrived at by a combination of 
pyrometrical and microscopical examinations., 

Heycook and Neville recognise six constituents in the copper- 
bin alloys. These are— 

Th4 constituent Oj which is a solid solution of, tin and copper, con- 
taining not more than 9 percent, of tin. The portions solidifying first 
consist of almost pure^pper, leaving a liquid relatively rich in tin. 

TTie constituents /? and y are also solidL solutions of copper and 
tin, differing from e»ch other in crystalline form. The fS crystals 
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Fio. 44,— -Phy^iical Properties of Copper-tin Alloys. 
H. Thermal Conductivity. 

E.C. Electrical Conductivaty. 



Fio. 45. — Mechanical Properties of Copper- tin Alloys. 
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contain from 22*6 to 27 per cent, of tin, and the y crystals from 
*28 to 37 per cent, of tin. 

These constituents may be described as transition constituents, 
as they are never found in a slowly-cooled alloy. They exist, 
however, at temperatures above 600“ and in alloys quenched 
above that temperature. 

The constituent 8 is believed to be the compound Cii^Sn. It 
is almost white in colour, and does not crystallise frohi the liquid 
alloy ; it is only formed when the alloy cools below 600*. 

The constituent E is the compound CugSn. It crystallises in 
plates, and is easily separated from the alloys. 

The constituent H is the compound CuSn. In the slowly- 
cooled alloys containing from 40 to 90 per cent, of tin, this con- 
stituent is found bordering the crystals of 'CugSn, whereas in the 
alloys containing from 93 to 98 per cent, of tin it occurs in the 
form of hollow crystals, which Hey cock and Neville have suggested 
may be due to the fact that the crystals have formed round 
nuclei of CugSn, and that the nuclei have subsequently been re- 
dissolved. 

The temperatures at which these constituents are capable of 
existing are indicated in the diagram by lines which divide the 
lower part of the diagram into compartments. It is thus possible 
to see at a glance the constitution of any particular alloy at any 
temperature. Consider, for example, an alloy containing 16 per 
cent, of tin cooling from a molten condition. At 960* crystallites 
of almost pure copper separate out, and- as the temperature falls 
these become richer and richer in tin until at a temperature just 
below 800* the constituent ^ solidifies, and the whole alloy is now 
• solid. When the temperature falls below 600“ the constituent 
is no longer stable, and the alloy splits up into a mixture of a and 
3, in which condition it remains at temperatures below 600*. A 
glance at the diagram will show that some of the alloys, especially 
those containing from 23 to 40 per cent. *of tin, undergo very 
remarkable changes during cooling. 

The constitution and properties of a series of alloys may be 
conveniently represented in the form of a chart, of which fig. 46 
is a simple case. The curve at the top is the complete freezing- 
point curve of the* lead-tin alloys, while the curve immediately 
below it shows their constitutional composition. Below this are 
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8. Mechanical propertiee. 
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plotted the tensile strength and elongation, so that the mechanical 
properties corresponding to any structure or constitution can be 
seen at a glance. 

■ - From a 'theoretical point of view the subject of triple alloys 
has received a great deal of attention within the last few years. 
The first complete and systematic investigation was due to Charpy, 
who selected the alloys of lead, tin, and bismuth as being the 
simplest possible series of ternary alloys. The freezing-points of 
the three series of binary 
alloys, lead-tin, lead- 
bismuth, and tin-bis- 
muth, have been deter- 
mined in addition to 
those of the ternary 
series lead-tin-bismuth, 
and the results are 
plotted in the following 
manner. The composi- 
tion of the alloys is 
represented graphically ^ 
by means of an equi- 
lateral triangle ABC Fio. 47. --Triangular I nagmiu of Composition. 

(fig. 47). The three 

vertices A, B, and C represent the three constituent metals, and 
any point on the sides corresponds to a binary alloy of the two 
metals at the extremities of the line. Ternary alloys are repre- 
sented by points inside the triangle, and their composition by 
perpendiculars drawn from the point to the sides. Thus Ma 
represents the proportion of metal A ; Mb the proportion of B ; 
and Mo the proportion of C. Charpy describes his method thus : 
“In order to represent the variation of a certain property — the 
fusibility, for instance — a perpendicular is raised fro| 3 |i each point 
to the plane of the triangle, and a distance is measured upon 
that perpendicular proportional to the temperature of fusibility 
of the alloy represented by the foot of the perpendicular. The 
locxu of these points constitutes the surface of fusibility which 
corresponds to the curves of fusibility of binary alloys.” 

Charpy has constructed a model showing the surface of fusibility 
, of the lead-tin-bismuth alloys, and has also plotted the isotherms 
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of the surface of fusibility (fig. 48). In this diagram the surfjwe 
of fusibility of lead, tin, and bismuth alloys is composed of three 
zones, which, by their intersections, give the lines Ec, E «, and E'^c, 
the points EE and E" corresponding to the three binary eutectics 
of lead and bismuth, lead and tin, and tin and bismuth respec- 
tively. The point c corresponds to the ternary eutectic containing 



Fio. 48.— Snrfacs of Fniibility of the Alloys of Lead, Tin, and Bismuth. 


32 per cent, of lead, 16’6 per cent, of tin, and 52 6 per cent.' of 
bismuth, and melts at 96*. 

Alloys represented by points in the triangle lying above E«E' 
will, on solidification, deposit lead first ; and in the same way alloys 
represented by points lying between EcE" and Bi and between 
E cE" and Sn will first deposit bismuth and tin respectively. 

These results have been fully confirmed by the miorosoopioal 
examination of the alloys. 

Within recent years much has been written upon the constitu- 
tion of alloys froih a th,eoretical standpoint, and more especially 
from the point of view of the so-called Phas^ Rule first enunciated' 
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bjr Willard Gibbs. This rule states that — it is necessary to 
assernhle at least n different molecular species in oi'der to consti’uct 
a complete heterogeneous equilibrium consisting of n + 1 different 
phases. At one particular temperature and pressure only is it 
possible to have 71 + 2 phases in equilibrium. Thus, to take the 
simplest possible case, the compound HjO is regarded as a simple 
molecular species and therefore n=\. Now, there are three 
possible phases in whicli this compound can exist, viz. ice, water, 
and water vapour ; but according to Gibbs’ phase rule only two 
(71 + 1 ) phases can remain in equilibrium except at one critical 
point. Thus a condition of equilibrium extending over a certain 
range of temperature and pressure may be established between 
ice and water, water and water vapour, and ice and water vapour, 
but only at one temperature and pressure (0 0075“ and 4*67 mm.) 
can the three phases occur together. 

A more complicated case (which has, however, been thoroughly 
investigated by Roozeboom) is to be found in the conditions of 
equilibrium existing between water and sulphur dioxide. Here we 
have two molecular species (7^ = 2) and four possible phases, viz. : — 

1 A solid hydrate S02,7H20. 

2. A solution of SO2 in water. 

3. A solution of water in liquid SO,^. 

4. A gas mixture of SOg and HoG 

It has been proved experimentally that only three (7 i+l) of 
these phases can exist in a condition of equilibrium except at the 
critical point. 

It is evident that the application of the phase rule may be 
extended to meet the case of alloys with the object of determining 
ttfe number of possible constituents which can exist in a state 
of equilibrium in a given system ; and this has been done by 
Roozeboom in the case of the iron carbon alloys The subject is, 
however, a complicated one, and can hardly be, said ti^have added 
much to our knowledge of alloys. The student who wishes to 
follow it up should study the work of physicists (and more 
especially the masterly researches of Roozeboom) before attempt- 
ing to deal with the theoretical conclusions of those who are less 
perfectly acquainted wjth the subject. 

Relation between Constitution and Mechanical Properties. — 
The relation betweejn the constitution and the mechanical pro- 
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perties of an alloy is clearly defined, and the subject is of so much 
importance in the industrial applications of alloys that it deserves 
the closest attention. Fortunately the number of, constituents 
which may be present in an alloy is limited to four, viz. pure 
metals, solid solutions, compounds, and eutectics, and it is only 
necessary to consider the nature and properties of these con- 
stituents and their influence on the properties of an alloy. 

Pure metah are relatively soft, malleable, and ductile, and 
when present in an alloy they tend to impart these qualities 
to it. 

Solid solutione, as already stated, possess properties similar to 
those of pure metals. They are relatively soft, malleable, and 
ductile, and it may be pointed out that practically all the . in- 
dustrial alloys which are capable of being cold rolled, drawn, and 
spun consist of a single solid solution. Brass, bronze containing 
less than 8 per cent, of tin, malleable phosphor-bronze, coinage- 
bronze, aluminium-bronze containing less than 7 '6 per cent, 
of aluminium, cupro-m^nganese, cupronickel, German silver, 
standard gold, raagnalium, and some of the nickel and manganese 
steels, are examples of ductile alloys consisting of a single solid 
solution. Standard silver may be regarded slq an exception to the 
rule, but the quantity of eutectic in standard silver is very small, 
and the silver-copper eutectic is much more ductile than most 
eutectics. Alloys consisting of two solid solutions are less ductile, 
but are still capable of being rolled and worked hot. Muntz 
metal, manganese-bronze, delta metal, and a number of other 
“ special bronzes " and brasses, are examples of these alloys. 

Compounds are harder than the metals of which they are com- 
posed, and brittle. They decrease the ductility of the alloy, a*hd 
tend to lower its tensile strength. On the other hand, they 
increase the compressive strength of the alloy, a property which 
is of great^importence in the case of bearing and antifriction 
metals, and at the same time they improve its working qualities 
as regards turning, filing, etc. The industrial alloys of this class 
include bronzes containing more than 8 per cent, of tin, oast 
phosphor-bronze, all the white metal antifriction alloys, and the 
aluminium alloys containing copper, nickel, or tin. 

Eutectics are brittle, and possess lower melting-points than either 
of their components. Owing to this difference in melting-point 
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the eutectic portion of an alloy separates between the crystals of 
the other constituent, forming a network or cement, with the 
result that the ultimate strength and ductility of the alloy are 
practically the same as those of the eutectic. It follows that alloys 
containing eutectics are, with one or two exceptions, unsuited for 
constructional work. Their principal employment is probably in 
the form of solders, in which the difference in melting points of 
the constituents enables them to be manipulated while in a semi- 
fluid or pasty condition. The eutectic of iron and carbon known as 
pearlite is an exception to the rule and is unique, as it is formed 
after the steel is completely solid. The result of this is that the 
crystals of iron are not surrounded by eutectic, but the eutectic 
is itself surrounded by free iron ; so that the formation of pearlite 
in steel is rather more comparable, as regards its influence on the 
mechanical properties, with the formation of compounds in other 
alloys. In order to distinguish a eutectic structure formed after 
solidification from those formed in the usual way, the term 
«uteotoid has been applied to it. 

Alloys containing eutectics are sometimes rendered useful by 
chilling or cooling them rapidly, so that the eutectic is not per- 
mitted to solidify between the crystals, but is evenly distributed 
throughout the mass of metal. Here, again, the eutectic plays 
the part rather of a compound than that of a normal eutectic. 

So far we have only considered alloys of two metals or binary 
alloys ; but when we come to triple alloys the difficulties are not 
greatly increased, for we find that the alloys contain, as before, 
only solid solutions, compounds, and eutectics. It is true that a 
solid solution of three metals may differ in hardness, strength, or 
dilotility from a solution containing only two, and it is equally 
true that a eutectic of three metals has a lower melting-point 
than a eutectic containing two, but the general characteristics of 
the constituents are the same. Solid solutions are the ductile 
constituents; compounds are the hard and brittle constituents; 
eutectics are hard and brittle and tend to solidify between the 
grains of the alloy, thus ruining its ductility. 

It is evident, therefore, that the study of the structure and 
constitution of alloys is of the utmost importance in enabling a 
clear understanding to be gained of the influence of additions and 
impurities on the mechanical properties of metals. As examples 
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of the various ways in which the mechanical properties of a metal 
may be aflfected by the addition of another metal (or non-metal) 
let UB take the case of a metal, copper, to which zinc, aluminium, 
tin, phosphorus, lead, and bismuth are added respectively. 

1. Zinc . — When zinc is added to copper the tensile strength 
and elongation gradually increase until 30 per cent, of zinc Is 
reached, but beyond this there is a decrease in the ductility of the 
alloys as shown by the elongation. With 40 per cent, of zinc the 
alloys can still be rolled hot, but with further additions the falling 
off in ductility is so rapid that they are of no use for constructional 
purposes. An examination of the structure of these alloys reveals 
the fact that 30 per cent, of zinc is soluble in copper, forming 
simple homogeneous solid solutions, whereas with more than 30 per 
cent, a second constituent makes its appearance, and as the pro- 
portion of this second constituent increases so the ductility of the 
alloy decreases. 

2. Aluminivm, —As in tlie case of aino, the addition of aluminium 
to copper raises the tensile strength and elongation, but in this 
case the maximum elongation is reached with only 7 per cent, of 
aluminium, and beyond this the falling off in ductility is so rapid 
that the alloys with more than 10 per cent, of aluminum are practi- 
cally useless. The structure of the alloys shows that only about 
7 per cent, of aluminium is dissolved by copper with the formation 
of homogeneous solid solutions, and with more than this amount 
a second and extremely hard constituent makes its appearance. 

3. Tin . — With tin the falling off in ductility is very rapid, the 
maximum elongation being reached with less than 5 per cent, of 
tin. This is explained by the fact that although copper is capable 
of dissolving 8 per cent, of tin, the solid solutions so formed awre 
not homogeneous, the first portion of the alloy to solidify being 
almost pure copper and the last portion containing most of the 
tin. Hence the maximum ductility is obtained with much less 
than 8 per 'cent, of tin. The properties of the alloys may be 
modified to some extent by heat treatment, but for the moment we 
are only considering the naturally cooled or oast alloys. 

4. Pho6phcyru8 . — A small fraction of 1 per cent, of phosphorus 
in copper is sufficient to completely destroy its ductility, and the 
reason for this is obvious if we consider the constitution ot the 
alloys. Phosphorus combines with copper to form a well-defined 
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compound, corresponding to the formula Cu^P, which does not 
crystallise out by itself when the alloy cools, as is commonly the 
case with such compounds, but forms a eutectic with a further 
portion of the copper. Now it must be remembered that it is not 
the percentage of phosphorus which influences the mechanical 
properties of the copper, nor even the percentage of phosphide of 
copper, but the percentage of eutectic; and when we consider 
that 1 per cent, of phosphorus is equivalent to more than 12 per 
cent, of eutectic, and that this eutectic which melts at 705“ 
solidifies between the crystals of copper, it is not difficult to 
understand how a small quantity of phosphorus can exert such a 
marked influence on the mechanical properties of the copper. 

5. Lead . — Lead does not alloy with copper but separates out 
in the form of minute globules of metallic lead. In this condition 
it has a relatively small effect on the strength of the metal. 
Moreover, the specific gravity of lead being considerably higher 
than that of copper renders its influence still smaller, for it is 
important to note that the mechanical properties of an alloy are 
governed by the volume of the constituents and not by their 
weight. Hence, comparing the influence of 1 per cent, by weiglit 
of lead and phosphorus, we find that the constituents affecting 
the mechanical properties of the metal are 0*8 per cent, in the 
case of lead and 12*1 per cent, in the case of phosphorus. The 
relatively small influence of lead on copper and its alloys is shown 
by the remarkable strength of the so-called “plastic bron/os,” 
which often contain as much as 30 per cent, of lead. It is obvious, 
however, that this only applies to the metal in a cast state, as 
copper or bronze containing a constituent melting at as low a 
temperature as 327“ cannot be worked to any appreciable extent. 

6. Bismuth, like lead, does not alloy with copper, but unlike 
lead it does not separate as isolated globules but forms a thin 
network or film between the crystals of copper. It follows that 
anything above a trace of bismuth in copper rbnders U too brittle 
to be of any use. 

From a consideration of the foregoing examples it will bo seen 
that the influence of an added metal'on the mechanical properties 
of a metal or alloy depends on (a) the condition in which it exists, 
i.e. whether it remains’ free or enters into chemical combination, 
(6) the shape or form it assumes, and (c/ its volume. 
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These questions are of vital importance when dealing with the 
influence of impurities, for it sometimes happens that an alloy 
may be perfectly good or absolutely useless according to the 
chemical or physical condition of a certain impurity. Moreover, 
the presence of such impurities is occasionally unavoidable, and 
the problem then presents itself of finding some means by which 
they may be rendered harmless, or at least as little harmful as 
possible. This may sometimes be effected by heat treatment and 
sometimes by the addition of a second impurity which, by com- 
bining with the first, causes it to assume a different and less 
injurious form. As an example of the change brought about both 
in the chemical and physical condition of an impurity by heat 
treatment we may take the case of steel castings. In these a 
portion of the silicon present combines with the manganese and 
sulphur to form a silico-sulphide which separates between the 
crystals of iron and induces brittleness in the metal. On anneal- 
ing, however, the compound is decomposed, the silicon passing 
into solid solution with the iron and the manganese sulphide 
aggregating or balling up into isolated globules which may be 
regarded as practically harmless in a casting. The change in 
structure is illustrated in photographs 66 to 69. 

An example of change in form induced in an impurity by the 
addition of a second impurity is also to be found in the beat 
known of all alloys, steel. In the early days of the Bessemer 
process it was found that the steel produced was of little use 
owing to its brittleness, and it was not until Mushet suggested 
the addition of manganese to the molten metal that good steel 
was obtained and the process became a commercial success. The 
explanation of the difficulty is now perfectly clear. The sulphdr 
in the steel combines with part of the iron to form sulphide of 
iron, and this compound having a low melting-point separates out 
between the crystals of iron (just as bismuth separates between 
the crystals of copper as already noticed), giving rise to a brittle 
metal. Manganese, however, has a greater affinity -for sulphur 
than iron, and forms a sulphide whose melting-point is very muph 
higher than that of iron sulphide. The result is that instead of 
having a brittle constituent separating between the crystals of 
iron, isolated crystals or globules of manganese sulphide are 
formed which are to all intents and purposes without influence 
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on the properties of the steel as regards its suitability for rolling 
or forging. But it must not be supposed that manganese sulphide 
is an entirely harmless constituent of steel. In large sections it 
may be so, but at the same time it is responsible for many 
troubles, including the corrosion and pitting of boiler plates. 

At the temperature at which steel is rolled the manganese 
sulphide is in a plastic condition and follows the rolling in the 
same proportion as the steel. Thus in thin steel sheets it also 
occurs in thin sheets or laminae, and if such sheets are subjected 
to severe bending or stamping the sulphide sheets form planes of 
weakness and the metal gives way. Photograph 47 shows these 
sheets or flakes of sulphide in section in a piece of rolled steel, 
and here again its influence is due to the shape or form in which 
it occurs. 

Cases of the elimination of a eutectic structure by the addition of 
a second impurity are to b^ found in the addition of tin to copper 
containing phosphorus, and in the addition of arsenic to copper 
containing oxygen. These are shown in photographs 48 to 55, and 
are considered in another chapter. 

Numerous examples occurring in everyday practice might be 
quoted, but those already referred to will serve to show the 
importance to the practical man of a study of the structure and 
constitution of alloys. It throws a new light on the subject, and 
explains the relation between composition and mechanical pro- 
perties in a way that chemical analysis by itself is incapable of 
doing. In fact, it interprets the results of chemical analysis, for 
until recently chemical analysis as applied to metals and alloys 
has been much less satisfactory than in other branches of science. 
In^the analysis of nearly all materials it has long been recognised 
that a simple statement of the percentage of the elements present 
is not sufficient, but that it is necessary to go a step further and 
determine the condition in which these elements ocour^ What we 
may describe, therefore, as a constitutional analysis gives the 
actual constituents which go to makb up the body under examina- 
tion, whereas an ultimate analysis only gives the elements in that 
body regardless of the way in which they are combined. Never- 
theless, it is not the ultimate components but the constituents 
which govern the mechanical and physical properties of an alloy, 
and an ultimate chemical analysis gives us no insight into its 
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properties, except in so far as we have learned by long experience 
to associate a certain analysis with certain properties. Only in 
one instance does the chemical analysis of an alloy make any 
distinction between the different modes of occurrence of any con* 
stituent, viz. in the case of cast iron, in which it is customary to 
distinguish between the free carbon or graphite and the combined 
carbon. But carbon is not the only element which may exist in 
more than one form. Silicon, for example, may exist as silicate 
or may enter into solid solution with the iron ; and whereas 
relatively large quantities in solution are not only harmless but 
often beneficial, quantities of silicate as small as 0'03 per cent, 
are objectionable if not actually dangerous. It has been stated 
by Capt. Howorth that in the case of heavy nickel steel gun 
forgings, 36 per cent, of the test pieces from the breech end and 
6 per cent, from the muzzle end showed silicate defects in the 
fracture. In spite of the fact that 0*03 per cent, of silicate may 
cause the rejection of the steel, the specification allows 0 06 to 
.^0*20 per cent, of silicon, and chemical analysis fails to distinguish 
whether this is present as silicon or as silicate. 

The structure of an alloy must be governed by the purpose for 
which it is intended. Mere mechanical strength is in many oases 
not the only, or even the most important, factor, and inability to 
realise the importance of structure has often led to unexpected 
failure. An instance of this has been quoted by Mr Archbutt in 
connection with the manufacture of slide valves on the Midland • 
Railway. These are made of bronze containing about 16 per 
cent, of tin, and are tested by putting them under a falling weight 
of 112 lbs. with a blunt knife edge. The valves are oast in sand, 
and when supported on 9-inch centres a single blow from a height 
"Tof 8 feet is sufificient in most oases to crack them, while three 
blows from the same height will break them in half. If, however, 
the castings are quenched from a temperature just above 600’, 
they will stand four blows before cracking and about nine blows 
before breaking. In some oases fifteen blows from a height of 
8 feet and three blows from a height of 10 feet were required 
to break them. Owing to their unusual strength and toughness 
the practice of quenching the casting was adopted, but soon had 
to be abandoned owing to the rapid* wedr of the valves. The 
explanation is simple. I’he oast alloys consist of particles of a 
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hard constituent embedded in a softer matrix — a oharaoteristio 
and essential structure of all alloys required to resist friction or 
abrasion. ^The quenched alloys, on the other hand, possess a 
homogeneous structure which is ill adapted to resist wear. 

Another case in which too much importance given to mechanical 
tests instead of to structure and constitution led to failure in 
practice occurred. in the use of an alloy containing 9 '8 per cent, 
of aluminium and 1‘9 per cent of manganese for slide valves. 
Tests on this alloy recorded in the Ninth Report to the Alloys 
Research Committee of the Institution of Mechanical Engineers 
showed remarkable results, but a trial of the alloy in the form of, 
locomotive slide valves showed that they tore the cylinder face 
away, and they had to be taken out after 6800 miles’ service. 

Such experiences afford convincing proof of the importance of 
structure on the properties of alloys in service. That the subject 
is no longer of purely theoretical interest, but is recognised by 
practical men as being of real importance to them, may be 
gathered by the remarks of Mr George Hughes, Chief Mechanical 
Engineer to the Lancashire and Yorkshire Railway, who says : 
“ The success of a bearing metal alloy depends more upon structure 
than absolute composition, the proper distribution of a number 
of the tin-antimony crystals in a softer matrix of tin or lead being 
essential’^ 
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INFLUENCE OF TEMPERATURE ON THE PROPERTIES 
OF ALLOYS. 

It frequently happens that metals and alloys are used at 
temperatures either above or below the normal atmospheric 
temperature, and it is of considerable iipportance to know how 
the metal will behave under these abnormal conditions. The 
influence of high temperatures is perhaps of greater practical 
importance than that of low temperatures ; but at the same time 
the results obtained by Dewar, Hadfield, and others at low 
temperatures are of the greatest value. The available data 
relating to the subject are not numerous, and in many cases the 
results are conflicting. Moreover, in some cases the results 
obtained in actual practice have not been in accordance with 
thoke obtained experimentally. I'he explanation of these dis- 
crepancies is probably to be found in the fact that the alteration 
in the properties of a metal or alloy due to variations in tempera- 
ture is not always of the same nature, and before dealing with 
experimental results we may with advantage consider the possible 
changes which may be brought about in a metal by a variation 
in temperature. 

In the fir^t plao?, with an increase in temperature and con- 
sequent increase in molecular activity, we should expect a gradual 
and regular falling -off in the tensile strength until, in the 
neighbourhood of the melting-point, the tenacity becomes nil 
Moreover, this change should be common to all metals, and ex- 
perimental proof of it is not lacking. Thus Dewar has shown 
that at - 182 ’ mercury bj^s a tenacity about half that of lead at 
the ordinary temperature, and iron, copper,^ nickel, aluminium, 
116 
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«to., exhibit a marked increase in tensile strength at the same low 
temperature. The following figures show the tensile strength 
and elongation of copper at temperatures between - 182° and 
+ 530’, the first two results being those of Hadfield and Dewar, 
and the remaining figures those of Le Chatelier. The two results 
at normal temperature are sufficiently close to justify the figures 
being regarded as a single series of observations (the small 
difference being due -to the fact that Le Chatelier employed a 
purer sample of copper and in a completely annealed state), and 
they may be taken as representing the normal behaviour of a 
pure metal or a homogeneous solid solution. 

Meohanioal Propertiks of Copper at Varying Ticmprraturrs 


Teraperaturo. 

Tensile strength. 

. Tons per sq. in. 

Elongation. 

-182 

23 

46 

+ 16 

16 

42 

15 

147 

47 

no 

12-9 

41 

200 

11-4 

36 

830 

9-6 

34 ' 

430 

87 

17-8 

630 

4*8 

16-4 


Normal behaviour, such as that exhibited by copper, is com 
paratively rare, and we have now to consider abnormal behaviour, 
which may be due to — 

■ 1, An allotropio change in the metal taking place suddenly ; 
Sy, a molecular change taking place slowly ; 3, a heterogeneous 
structure. 

1. Allotropio Change. — Examples of allotropio changes 
accompanied by changes in the physical properties^taking place 
in metals are not uncommon. Thus iron undergoes a change at 
760’ and also at 860’, the three varieties of iron being described 
by Osmond as a iron, existing at temperatures below 760’; 
iron, existing between 760 and 860’; and y iron at temperatures 
above 860*. a iron is soft and magnetic, iron is non-magnetic, 
and y iron is hard andT non-niagnetio. ^Nickel undergoes a change 
at an even lower temperature, viz. 300’, above which temperature 
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it ceases to be magnetic. Zinc is brittle at the ordinary tempera- 
ture, but at 150* it becomes malleable, and again loses this pro- 
perty at higher temperatures. Tin at low temperatures, but not 
lower than those reached in cold climates, undergoes a molecular 
change and falls to powder. Such changes are abnormal, and it 
is not yet known except in the case of iron to what extent these 
changes may take place in the metals when alloyed. 

2. Gradual Molecular Change. — Some metals and alloys 
undergo a gradual change in their crystalline character, which 
is greatly accentuated as the temperature is raised. The change 
may be simply an increase in the size of the crystals, or may even 
be a change in the crystalline form. As an example of the gradual 
growth of crystals we may take the case of brass containing 
70 per cent, of copper, and aluminium bronze containing less than 
8 per cent.' of aluminium. If these alloys are annealed at com- 
paratively low temperatures the crystals develop in size and 
there is a marked falling-off in the mechanical properties. This 
growth of crystal will be referred to later. 

8. Heterogeneous Structure.— Alloys containing two or more 
constituents are more liable to suffer deterioration at high tem- 
peratures than those containing only one constituent, especially 
if one of the constituents is a eutectic. The eutectic having a 
melting-point often very much lower than the constituent metals, 
is affected at a correspondingly lower temperature; and if the 
eutectic forms, as is frequently the case, a network or cement 
round the grains or crystals of the alloy, the strength of the 
eutectic represents the strength of the alloy. An example of 
this is found in copper containing bismuth. 

Considering these three causes of deterioration it will be seen 
that one of them, the second, would not occur until after the 
lapse of some time, and this is sufficient to explain the failure in 
actual practice of alloys which had given excellent results when 
merely tested at high temperatures. It is therefore important to 
note that mechanical tests carried out at high temperatures are 
not sufficient to indicate the behaviour of the metal in practice. 

The most complete series of experimental results yet published 
has been obtained by Bengough, who has extended his tests to 
higher temperatures than previous observers. He finds that both 
in the case of pure metals and alloys there is a gradual decrease 
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in tensile strength as the temperature rises until a definite 
temperature is reached, beyond which the decrease takes place 
more slowjy but still uniformly. This critical temperature he 
describes as the “temperature of recuperation,” and the point 
at which the change takes place he calls the “ mechanical critical 
point,” The curve representing the tensile strength of aluminium 
shown in fig. 49 is similar to that of copper and all the copper 
alloys upon which tests were carried out Beyond the critical 
point there is a rapid increase in the elongation until the tempera- 
ture approaches the melting-point of the metal, when it shows a 
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Fig, 49.— Tensile Strength of Rolled Almninium at High Temperatures. 

sudden drop. In many cases the metals give out a “ cry ” when 
tested above the critical temperature similar to that of tin. 

Bengough points out that there is a marked difference between 
\he curves representing the tensile strength of cast metals and 
those which have been worked at comparatively low temperatures. 
Although both show the critical point, their behaviour at tem- 
peratures below this point is different. In the case of cast 
metals, the decrease in strength varies directly with the rise of 
temperature, and the curve is therefore a straight line, whereas in 
the case of worked metals the decrease in strength is more rapid 
as the temperature rises. The two types of curve are illustrated 
in fig. 50. 

The following table gives the critical temperatures of a number , 
of metals and alloys ; — 
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Metal or Alloy. 

Critical 

Temperature. 

Tensile Strength at « 
Critical TemperuLiire 
Tons per sq, in. 

Copper 

850" 

1-3 

Aluminium 

.39.5 

0 9 

Cupro-nickel (20 percent, nickel) 

710 

3-0 

Brass (30 per cent, zinc) 

440 

2-6 

M (40 „ „ ) . . 

430 

6*0 


These critical points are undoubtedly of great theoretical in- 
terest, but from the practical point of view the metals have ceased 
to be of any use long before these temperatures are reached. 
Alloys used for Firebox Stays. — One of the most important 
applications of metals and alloys at high temperatures occurs in 
firebox plates, and more especially firebox stays ; it is lu this 
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connection that most of the work on the strength of alloys at 
high temperatures has been carried out, and attention has beeif 
particularly directed to the alloys of copper. The mechanical 
requirements of a metal suitable for firebox stays are that it can 
be easily worked and riveted, and that it shall be as soft as, or 
softer than, t6e copper plates into which they are riveted. The 
alloys examined include bronze, phosphor-bronze, manganese-bronze, 
aluminium bronze, brass, copperTnickel alloys, and mild steel. The 
behaviour of these alloys will be briefly considered. As regards the 
temperature actually reached by the plates and stays there is a 
considerable difference of opinion, and it is difficult to arrive at 
any conclusions from experimental data. Webb has measured 
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the temperature of the centres of a number of firebox stays by 
(frilling a hole through the centre of the head and inserting a 
thermo-couple. The results showed that at a distance of 2 ins. 
from the furnace end the temperature varied from 170“ to 175“ 
in a boiler working at 120 lbs. pressure, steaming heavily and 
blowing off, while at a distance of half an inch from the furnace 
end the temperature rose to 215“ to 230“ under the same condi- 
tions. An attempt to determine the temperature of the surface 
of the copper plate and of the ends of the stays inside the firebox, 
in the vicinity of the brick arch, gave temperature& of 540“ and 
615“ respectively. It must be remembered, however, that there 
is intense local heating, and it is no uncommon thing to see the 
surface of the copper plate showing drops of copper where the 
metal has been actually melted. It is difficult, therefore, to say 
what temperatures are actually reached, but it may be taken that 
the stays reach a temperature of at least 200“, and probably 
considerably more. 

Bronze.— The only alloys of the copper-tin series available for 
the purpose of firebox stays are those containing less than 8 per 
cent, of tin (that is to say, those consisting of a solid solution 
of tin in copper), and these are probably the least satisfactory of 
any alloys. Their mechanical properties fall off rapidly at about 
200“, a bronze giving a tensile strength of 11 tons per sq. in. at 
200“ falling to 7 ‘8 tons at 260“. 

In an actual test carried out by Webb, the boiler of a six- wheel- 
coupled goods engine working at 150 lbs. per sq. in. was fitted 
with bronze stays containing 3 per cent, of tin. After running 
93,290 miles 145 stays had to be removed as defective, and the 
aterage rate of renewal worked out at one stay per 791 miles. 

Phosphor - Bronze. — The phosphor-bronzes possessing the 
mechanical properties suitable for firebox stays are those contain- 
ing small percentages of tin and only traces of pho|phoru8. In 
fact, the phosphorus merely acts as a deoxidiser, and produces 
a better class of bronze than that obtained by ordinary melting. 
Data relating to the properties of phosphor-bronze at high tempera- 
tures are scarce, but it is probable that they would possess distinct 
advantages over ordinary bronze. 

Aluminium-Bronze. — The alloys of aluminium and copper con- 
taining less than 8 per cent, of aluminium possess the required 
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qualities necessary for firebox stays, but they deteriorate very 
rapidly at high temperatures. A bronze containing 7‘1 per cent, 
of aluminium, which showed a tensile strength of about 26 tons 
per sq. in. with an elongation of 89 per cent, on 2 ins. at the 
ordinary temperature, gave only 9 tons per sq. in. and 14 per cent, 
elongation at 400°. 

An actual test carried out by Webb under the same conditions as 
those described in the case of the copper-tin stays gave disastrous 
results. The alloy contained 7 per cent, of aluminium, and after 
being in use only two months and running 2400 miles, the engine 
had to be taken off the line owing to the number of breakages. 

Le Blant also states that the alloys of copper and aluminium 
are the most sensitive to an increase in temperature, and these 
practical results are the more remarkable, inasmuch as Charpy 
describes the aluminium-bronzes as being superior to other copper 
alloys. The explanation of this discrepancy is to be found in the 
fact that aluminium-bronze (containing less than 8 per cent, of 
aluminium) is one of those alloys which undergo a gradual change 
on heating. At a temperature of 180° (and possibly lower) the 
crystals increase in size until they reach very large dimensions, 
and the growth of the crystals is accompanied by a falling-off in 
the strength of the alloy. Photographs 28, 29, 30, and 31 show 
the changes which take place in the structure of aluminium- 
bronze, the alloy represented being the actual material used in 
Webb’s experiments. No. 28 is the original material as supplied. 
Nos. 29 and 30 represent the same sample after prolonged 
heating at a low temperature. No. 31 is the same sample heated 
to a higher temperature, but still below its melting-point. Test 
pieces of the alloy showing large crystals, as in photograph 30, 
give low tensile tests and show a curious crinkling of the surface 
over the whole length of the specimen. 

Brass. — Cppper-z^inc alloys of varying composition may be used 
for firebox stays, the percentage of zinc varying from 0 to about 
40. Those containing less than 10 per cent, of zinc appear to 
give fairly good results in practice. Thus, in Webb’s experiments, 
a locomotive boiler working under the same conditions as those 
previously described, and fitted with stays made of- brass contain- 
ing 90 per cent, of copper add 9 per cent, of zinc, gave results 
equivalent to a renewal of one stay per 6688 miles. The renewals 
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were mostly due to wasted heads and leakage, rather than actual 
breakage. Alloys containing a higher percentage of zinc but not 
exceeding about 30 per cent, (that is to say, tjiose consisting of 
a single solid solution) show a decided falling-off in strength with 
an increase in temperature. 

Brasses containing about 40 per cent, of zinc, consisting of two 
constituents, both solid solutions, give very poor results. Webb 
found that an alloy containing 40 per cent, of zinc gave results 
equivalent to one stay renewed per 262 miles only. 

Copper-Arsenic Alloys. — In this country copper containing 
arsenic up to 0 5 per cent, is more widely used than any other 
alloy for firebox stays. Owing to its low initial cost it has had 
few competitors until recently, but other alloys are now being 
used, and it is probable that the copper-arsenic alloys will be 
much less used in the future than they are at present. 

Copper-Nickel Alloys, — Copper containing up to 5 per cent, of 
nickel has been used for firebox stays with good results. The 
alloy maintains its strength very well at high temperatures, and 
it has been stated that it fulfils all the requirements of a satis- 
factory and reliable stay material. Unfortunately the results 
obtained in actual practice have not been published, but an alloy 
containing 2 per cent, of nickel is used to a considerable extent, and 
Sir Gerard Muntz has stated that when engineers have once used 
this alloy they rarely return to the use of copper-arsenic alloys. 
The alloy is only slightly affected by extremely low temperatures. 

Manganese-Bronze. — An alloy consisting of about 96 per cent, 
copper and 4 per cent, manganese, which is sometimes referred to 
as cupro-manganese, but sold commercially as manganese-bronze, 
is* now very largely used, both in this country and abroad, for 
firebox stays. In a report submitted to the Congres International 
des M^thodes d’Essais des Mat^riaux de Constniction on locomotive 
firebox stays, Le Blant states that the metal which Jie has found 
least sensitive to heat is cupro-manganese. He concludes : “ As 
, the matter stands at present, the metal giving the least number 
of breakages is cupro-manganese. But it behaves badly under 
the action of the flames. It ought, therefore, to be reserved for 
the lines of stays which break most frequently, and as far as 
possible from the fire.” This suggestion is carried out, and the 
following results obtained in actual practice, which are due to 
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M. dll Bousquet of the Northern Railway of France, are of con- 
siderable interest. 

Twenty locomotives were fitted with cupro-manganese stays 
in the upper three horizontal rows of the side plates and the 
back plate, the remaining stays being copper. Each firebox 
had 185 cupro-manganese stays and 986 copper stays, and the 
boiler pressure was 213 lbs. per sq. in. In four years only six 
breakages of cupro-manganese stays occurred, while 1876 copper 
stays were broken. In spite of the fact, therefore, that the cupro- 
manganese stays were placed in positions j^here it was known 
that breakages were most likely to occur, the breakages of copper 
stays were 68 ‘6 times as frequent as breakages of cupro-manganese 
stays. Another set of twenty -five locomotives were fitted entirely 
with cupro-manganese stays, each firebox containing 1163 stays, 
and at the end of twelve months only one stay had had to be 
replaced. In another set of twenty locomotives cupro-manganese 
stays had been fitted in the upper three rows and in the corners of 
the side plates, each firebox containing 190 cupro-manganese stays 
and 973 copper stays. At the end of twelve months' running no 
cupro-manganese stay had failed, while 232 copper stays had had 
to be replaced. 

Cupro-manganese stays have been used for some years by the 
Northern Railway of France, the Southern Company of France, 
and the Hungarian State Railways. The results appear to have 
been perfectly satisfactory, and the same alloy is now very largely 
used, but its employment in this country is of more recent date. 
A cupro-manganese, however, under the name of crotorite has 
been manufactured for some time past by the Manganese Bronze 
and Brass Company. At very low temperatures ( - 182“) cupro- 
manganese shows an increase in tenacity and ductility, and 
Le Slant's statement, that of all the copper alloys cupro-manganese 
is the least affected by change in temperature, appears to be amply 
justified. 

A number of tests on alloys for firebox stays have been made 
by Hughes at the Horwich works of the Lancashire and Yorkshire 
Railway, and the results, together with the analyses of the alloys, 
are given in the accompanying tables. The alloys were tested 
after heating for ten hours at 750° in the laboratory and also 
after nine hours in a locomotive firebox. 
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Analyses. • 

Combined 

Oxygen. 

0-11 

trace 

0-07 

Iron. 

trace 

0-01 

1-82 

0*05 

0*08 

Manganese. 

00 . 

: : K* ' • 

Phosphorus 

«0 kA . . o» 

O O ; ; ; O O 

O o O => 

Bismuth. 


Arsenic. 

S . 00 t-. O S kA 

O ' o o o -C o 

Lead. 

' S flO . 0> o . »« 

go : 9 9 C : 9 

o 0 0+3 o 

Tin. 

80-0 

Nickel. 

trace 

0*05 

0 05 

0 01 

1 92 

0 04 

Copper. 

kA 

0)0500000000 

ooooooool 

d 

0 
•i3 
a 

■c 

1 

Q 

Phosphoxised, 1 inch 

Phosphoriaed, inchoa 

Copper-mangane'.e .... 

High arsenic ..... 

„ arsenic ..... 

,, tensile ..... 

Copper-nicke^ ..... 

Copper to L. and Y. specification 

Mark. 

A 

B 

0 

•E 

P 

H 

N 

F 
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Heat«d Nine Hours in Looo- 
motire Firebox. 

Fracture. 

Fibrous distressed 

Fibrous 

Fibrous distressed 

Fibrous 

Ooutraction 
4 >er cent. 

79 

94 

60-6 

60-6 

79 

75 

88 

60-6 

Elongation per 
cent, in 8 ins. 

61 

49 

86 

45 

53 

45 

48 

46 

Tensile tons 
persq. in. 

l^iHO 

Heated Ten Honrs at 760* C. 

(in Laboratory). 

Fracture. 

Fibrous distressed 

»> red 

Brown dark fibrous 

Fibrous glossy 

Fibrous brown dis- 
tressed. 

Spiral fibrous 

Silky conchoidal 

CJontraotion 
per cent. 

^ O) ^ 

n lb A. » lo : 

i>. 00 lo lo t.. 

Elongation per 
cent, in 8 ins. 

CO lA lO o CO o 

00 lb 00 « CO : 

lO CO uo lO w 

Tensile tons 
per sq. in. 

^ ^ ^ UO M 

S S IS ^ S ‘ 

As Beceived (Annealed). 

Fracture. 

Silky fibrons 

,, fibrous 

Brown dark fibrous 

Silky fibrous 

Spiral fibrous 

It ft 

Silky fibrous 

Contraction 
per cent. 

^ ^ n ^ \a 

>-io>r^o>oo t^oom 

OOt'.lOIOt'. 

Elongation per 
cent, in 8 ins. 

67 

62 

29 

50 

54 

53 

49 

62 

Tensile tons 
persq. in. 

'CiTjtlO-C'lO UOIOlO 

Description. 

Phosphorised, 1 in. . 

Phospborised, ins. 

Copper-manganese 

High arsenic 

„ arsenic 

„ tensile 

Copper-nickel 

Copper to L. and Y, 
specification. 

Mark. 

«<f=QOW0H 
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CHAPTER VI. 

CORROSION OF ALLOYS. 

In apite of the faot that the influence of corrosive liquids on 
metals and alloys is an important problem in many industries, 
there is very little available information on the subject. This is 
probably due partly to a widespread reluctance to publish the 
results of practical experience, and partly to the diflSculties of 
experimental investigation. It is obvious that experimental tests 
can seldom reproduce the conditions which obtain in practice, but 
it is nevertheless possible to obtain comparative results which are 
of considerable value. 

The process of corrosion may take place in several ways. The 
simplest of these may be described as chemical corrosion—that is 
to say, the alloy is merely dissolved in the liquid in the same way 
that a simple metal is dissolved in acid, such as zinc in sulphuric 
acid. 

A more complicated process of corrosion occurs in the com- 
bined influence of a corrosive liquid and the atmosphere. This is 
of very common occurrence, and is frequently observed in the case 
of copper alloys, the maximum effect of the corrosion taking 
place at the surface of the liquid or when the metal is alternately 
immersed in the liquid and exposed to the air. An example of 
this is seen in the corrosion of brass by salt water. When totally 
immersed the corrosive action is slow, but in the presence of the 
atmosphere oxychloride of copper is produced, and rapid corrosion 
of the brass takes place. 

Perhaps the most interesting and the commonest type of 
oorrosion is that which may be described as electro-chemical. 
This occurs when two bodies possessing different electrical 
128 
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properties are immersed in contact with one another in a corrosive 
or conducting liquid. Owing to the difibrence of potential 
between the two bodies an electromotive force is sot up, or, in 
other words, a galvanic battery is formed, and one of the bodies 
passes rapidly into solution. For this reason metals and alloys of 
different properties must not be placed in contact under liquids. 
Here we are dealing with two motals or alloys in contact, and the 
case is comparatively simple ; but it follows that the same action 
will take place in a single alloy if it is not homogeneous in 
structure. For example, an alloy who^ constituents separate out 
on cooling, or form compounds which separate on cooling, will 
almost certainly be rapidly corroded on account of the difference 
of electrical potential between the constituents. Hence alloys 
forming solid solutions are usually better able to resist corrosion, 
than non-homogeneous alloys. Impurities duo to the improper 
treatment of the alloy, such as dross, slag, oxides, etc., behave in 
a similar manner. Thus in the case of copper alloys the presence 
of copper oxide is particularly injurious, and the oxychloride of 
copper formed by the action of air and sea water on copper alloys 
accelerates corrosion in the same way. The influonco of impurities 
on corrosion has received more attention in the case of metals 
than in the case of alloys, and it is well known that many metals 
in a pure state are only soluble with difliculty in acids, whereas 
the same metals in an impure state are readily soluble in the 
same acids. Unfortunately one of the most injurious impurities 
is usually overlooked in spite of the fact that it is of common 
occurrence. Oxygon in the form of metallic oxides and oxidation 
products is liable to occur in nearly all metals and alloys, and is 
a fl'equent cause of local corrosion and pitting. That it has not 
received more attention in this connection is probably due to the 
fact that its presence is not indicated in the results of an ordinary 
chemical analysis. Copper is the one exception in w^ich oxygen 
is ever determined. 

Metallic oxides appear to be practically insoluble in solid motals, 
and occur as particles varying in size and distribution entangled 
in the metal. Photographs 54 and 55 are taken from an etched 
and unetched section of, a locomotive firebox plate, and will serve 
to illustrate the appearance of oxides (in this case copper oxide) 
under the noicroscope. The importance of the effect of these 
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oxide particles on the corrodibility of the metal can hardly be 
over-estimated. On immersion in a corroding liquid each particle 
forms a small galvanic couple with the surrounding, metal and 
becomes the starting-point of a “pit.” 

The differences of potential between metals and their oxides 
have been insufficiently studied, but it is probable that in nearly 
all cases they are of much greater importance than the differences 
of potential between the metallic constituents of a non-homo- 
geneous alloy. The ordinary electric accumulator or secondary 
battery may be taken as an example of the practical application 
of the difference of potential between a metal and its oxide ; and 
an example of the influence of an oxide on the rate of corrosion is 
to be found in the well-known fact that when the protective 
oxide coating on steel is partially removed corrosion of the 
unprotected steel is greatly accelerated. 

Experimental results on the influence of oxides on the rate of 
corrosion are scarce, but a series of tests carried out by the author 
and extending over several years may be of some interest. A 
number of steel plates rolled from ingots which had been 
carefully deoxidised by the addition of silicon, and a number of 
plates rolled from the same steel made in the usual way, were 
exposed to the London atmosphere and at the end of every six 
months they were carefully cleaned and weighed. The experiments 
were repeated on different makes of steel, and in each case the 
result showed that the corrosion of the ordinary plates was greater • 
by 24 per cent, than that of the deoxidised plates. It is evident^ 
therefore, that the difference in corrodibility between a well-made 
alloy and the same alloy badly made may be greater than the 
difference between two alloys of different composition, and unless 
these facts are taken into consideration the results of comparative 
experimental tests may be very misleading. 

In some fases tl^e process of corrosion stops itself automatically 
by the production of compounds which hinder further corrosion. 
Cases of this description are not uncommon, and an example of 
the greatest importance occurs in the employment of lead pipes for 
carrying water. It is well known that lead is appreciably soluble 
in water, and to such an extent as to render the water unfit for drink- 
ing purposes. Moreovej, nearly all waters contain considerable 
quantities of sulphuric acid in the form of^ sulphates, which also 
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have a corroding action on lead ; but the product of the corrosion 
inlhis case is a practically insoluble compound, lead sulphate, which 
forms a coating on the surface of the metal and elFectually pre- 
vents further corrosion, either by sulphates or by the water itself. 

Similar incorrodible coatings are formed on certain alloys, and 
an interesting example may be cited to illustrate this and also 
another protective influence exerted by one metal upon another. 
This is found in the case of an alloy of gold and silver containing 
60 per cent, of each metal, which is practically insoluble in the 
ordinary acids. In hydrochloric acid or aqua regia a coating of 
silver chloride is immediately formed, and all action ceases. In 
nitric acid the silver on the surface is dissolved, and the alloy is 
then protected by a coating of gold which prevents further action 
taking place. This fact is well known to all assay ers and refiners, 
and in the operation of “parting” bullion (i.e. dissolving out 
the silver with acid) it is pecessary that the amount of silver 
should be considerably in excess of the gold, or the parting is 
incomplete, Certain copper alloys behave in a similar manner, 
the alloying metal being dissolved out until a surface deposit 
remains, which is only slightly acted upon by the corroding liquid. 
These facts are of the greatest importance and should always be 
borne in mind when considering the results of expoiimental tests, 
as they will frequently explain the startling diHereiiccs between 
the results of actual practice and those obtained in experimental 
tests. Nearly all the results of experimental tests have been 
obtained by simple immersion of the alloy in water, dilute acid, 
or other corroding liquid; but in actual practice corrosion is 
usually accompanied by erosion to a greater or loss extent, and 
the* effect of this erosion in removing protective coatings and 
exposing fresh surfaces to the action of corrosion can readily be 
imagined, although it is often overlooked. 

Another unavoidable drawback from which ^xperipieutal tests 
suflfbr, is the fact that the results are always expressed in terms of 
loss of weight over a given surface. While this gives the relative 
corrodibility of different metals, it only takes into account the case 
o£ uniform corrosion and throws no light on the causes of trouble 
and breakdown occurring in actual practice. These troubles are 
almost invariably caused by local corrosion or pitting, and it is 
obvious that a certain^ loss of weight occurring locally may have 
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more serious results than ten times that loss of weight distributed 
uniformly over the whole surface. Uniform corrosion is a more 
or less known factor, for which allowance can be made in design, 
but local corrosion is an unknown factor which defies calculation. 

The greatest number of experiments on the subject of corrosion 
appear to have been carried out in connection with the corrosion 
of metals by sea water, and some of these may be briefly referred 
to. Milton and Larke, m an interesting paper on the “Decay 
of Metals,” define “decay” as the solution of one constituent only 
of an alloy as distinguished from “corrosion” by which the metal 
is attacked as a whole. They confirm the statement that 1 per 
^cent. of tin added to brass and Muntz metal assists them to resist 
corrosion or decay, and their conclusions are as follows : — 

“1. Decay is more frequent in metals that have a duplex or 
more complex structure than in those which are comparatively 
homogeneous. 

“ 2. Decay is due to slower or less energetic action than that 
causing corrosion ; moreover, it requires an action which removes 
part only of the constituents of the metal, whereas ‘ corrosion ’ 
removes all the metal attacked. 

“ 3. Both decay and corrosion may result from chemical action ' 
alone, or from chemical and electrolytic action combined. 

“ 4. Pitting, or intense local corrosion, is probably often due to 
local segregation of impurities in the metal ; but it may also in 
some places be due to favourable conditions furnished by local 
irregularities of surface or structure, producing local irregularities 
in the distribution of galvanic currents. 

“ 5. For brass exposed to sea water, tin is distinctly preservative, 
while lead and iron are both injurious, rendering the alloy more 
readily corrodible. The percentage of the t^o laf.ter metals, 
therefore, should be kept as low as possible in all brass intended 
for purposed* where' contact with sea water is inevitable. 

“ 6. With a view to obtaining a minimum of corrosion the 
internal surfaces of condenser tubes should be as smooth and uni- 
form as possible; and in order to ensure this condition, the cast 
pipe from which they are drawn should be smoothly bored inside, 
either before the drawing is commenced er in an early stage of 
the process, as^js done in the manufacture of brass boiler tubes. 

“ 7 The experiments with an applied electric current show that 
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electrolytic action alone, even where excof'diugly minute currents 
are employed, may result in severe corrosion or decay. Every 
effort, thercffore, should be madd to prevent such action by careful 
insulation of all electric cables. Where galvanic action is in- 
evitable through the proximity of diflereiit nu'tals exposed to the 
same electrolyte, the currents resulting should be neutralised by 
the application of zinc plates in the circuit, so arranged that they 
will be negative to both of the other metals.” 

Diegcl has studied the same subject, and his results may be 
summarised as follows : — He finds that in brasses containing much 
zinc the addition of nickel exerts a beneficial influeiic(>. This is 
contrary to the experience of Mr Rhodin (whose work will be 
considered later), who states that “from a practical point of view 
nickel is incompatible with low percentage brasses.” 

The loss in weight in grains per sipiare metro of several alloys 
suspended for twelve months in sea water is given by Diegel as 


Mild steel 9-016 

Copper-nickel (42 per cent. Ni) . . . 2*162 

,, (20 per cent. Ni) . . . 1-848 

Coppei'-aluminium (!) per cent. Al) . . . 0'600 


In contact with iron the alloys suffered practically no loss. 

Iron or zinc plates are almost invariably used for the protection 
of condenser tubes, and if these are of suitable composition and 
properly made troubles due to corrosion are reduced to a minimum. 
This is borne out by the statement of Mr Arnold Philip, the 
Admiralty chemist at Portsmouth, who says : “ In spite of the 
fact that some millions of tubes are in use in the Royal Navy at 
any given moment, the number of cases coming under his notice 
in which localised corrosion has been observed do not at present 
amount at the most to more than about two per annum.” He 
attributes the freedom from corrosion to three causes Firstly, 
to the composition of the alloy ; secondly, to the satisfactory 
manner in which tube manufacturers are able tto produce tubes 
of the exact composition specified ; and, thirdly, to the consistent 
manner in which the use of steel, iron, or zinc protector slabs or 
bars has always been insisted upon. 

As regards the copper-aluminium alloys, Carpenter and Edwards 
have compared five alloys of copper and aluminium with Muntz 
metal and naval brass. The alloys were suspended in sea water 
which was changed (^very week, and the results, expressed in 
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change qjf weight in pounds per square foot per month, are shojvn 
in the following table : — 


Alloy. 

Composition. 

Change it Weight, 

2 

1 ‘06 per cent. Al, 

•0028 lb. 

4 

2*99 „ 

•OOOi 

6 

6 07 „ 

■0000 

9 

7*35 „ 

*0000 

13 

9:90 „ „ 

+ *0001 

Muntz metal 

.*« 

- *0014 

If aval bra.'fs 


•0018 


The authors explain the gain in weight in the case of the alloy 
containing 9 '9 cent, of aluminium by supposing that there is a 
slight oxidation of aluminium on the surface of the alloy. 

A series of comparative tests carried out by immersion in sea 
water at Portsmouth Dockyard gave the following results 


Alloy. 

Composition. 

Change in Weight. 

2 

1*06 

0*0017 

4 

2*99 

0*0009 

6 

5*07 

0 0009 

9 

7*36 

0-0009 

13 

9-90 

O'OOOS 

Muntz metal 


0*0028 

Naval brass 


0'0012 


In contact with iron and under the same conditions the alloys 
were completely protected, while the iron lost *008 lb. per month. 
On the other hand, in fresh water and in contact with iron, the 
aluminium alloys were corroded, while the Muntz metal and naval 
brass suffered no loss. The actual results were as follows 


Alloy. Composition. Change in Weight. 

2 1 '06 percent. Al. *0008 

4 2-90 „ „ *0008 

6 5-07 „ „ *0008 

9 7*36 „ „ *0010 

13 9-90 „ „ 0010 

Muntz metal ... ' *0000 

Naval brass ... , ' *0000 


In these experiments the aluminium alloys were from cast 
samples, while the Muntz metal and naval brass were from 
rolled samples, so that the results are not strictly comparable. 

Manganese-bronze is practically unaffected by sea water, and is 
in consequence largely used in the manufacture of propellers and 
propeller blades. Rolled or malleable phosphor-bronze is also 
little affected by sea water, and has proved satisfactory where 
brass and steel were useless. 

Apart from the corrosive action of sea water there are many 
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important industrial problems connected with the corrosion of 
metals and alloys. There is a considerable demand, for example, 
for alloys suitable for the construction of pumps and pumping 
machinery dealing with corrosive liquids such as acid mine waters, 
and also for alloys suitable for evaporating pans, stirrers, etc., but, 
as already mentioned, there is very little reliable information con- 
nected with these subjects. The Bonifacius Coal Mining Company 
of Westphalia made asoriesof compa^tiveeiperiments with wrought 
iron, steel, and delta metal, which showed very decided advantages 
in favour of delta metal. Bars inches long with a sectional area 
of ‘62 inch were immersed in the mine water for 6^ months and 
the loss in weight determined. The results were as follows : — 



Wrought Iron. 

1*1806 

*6893 

Steel. 

Delta Metal. 

Weight of original bar . 
Weight of corroded bar . 

1*2126 

•6614 

1‘2787 

1‘2633 


A series of experiments on the corrosion of copper alloys by 
acid mine water has also been described by a writer in the Brm 
W<yrld. In this case the water contained 12 ‘68 per cent, of free 
sulphuric acid and 49 ‘90 per cent, as sulphates. The six alloys 
tested had the following compositions - 


Alloy. 

Copper. 

Zinc. 

Tin. 

Lead. 

Man- 

ganese. 

Alu- 

minium. 

Iron. 

Manganese- bronze, cast . 

67-20 

40*14 

1*18 

0*02 

0*08 

0-10 

1-33 

Manganese-bronze, rolled 

62-46 

36*00 

0-63 

0*06 

0*02 


0*84 

Muntz metal, rolled 

67*66 

40*02 

1*49 

0-66 



0 88 

Bronze .... 

82*80 


17*70 





Red brass 

80*76 

1*78 

8 73 

8’ 74 



0*05 

Hydraulic metal . 

88*06 

6 00 

10*81 

0 10 





The relative losses expressed in weight per .cent, were— 

Hydraulic metal , , , . 0*58 I Bronze . •. . • , .3*00 
Red brass .... 0*70 Manganese-bronze (rolled) 4*36 
Muntz metal . , . 1*83 I Manganese-bronze (cast) 6 ‘37 

Unfortunately, in these experiments the samples were of 
different shapes, and it is obviously misleading to express the 
results in weight lost^ without considering the extent of surface 
subjected to corrosion. Evidently the results require confirmation. 
With a view to determining the relative rates of corrosion of 
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copper alloys in acid liquids the author carried out a series of 
tests on the followrng fourteen commercial copper alloys 


1. Gun-metal. 

2. Cast gun-metal. 

8. Cast brass. 

4 Rolled b lass. 

f». Cast jiho.splior-bronze A. 

6. „ „ B. 

7. M C. 


8. Cast phosphor- broirzo D. 

9. Manganese bronze. 

10. Iminadiiim bronze I. 

11 II. 

12. Aluminium-bronze. 

13. Crotorite. 

14 Rolled ])hosphoi‘-bronze, 


The liquids selected were sulphuric acid, sulphuric acid contain- 
ing sulphate of iron, hydrochloric acid, and hydrochloric acid 
containing sodium chloride. The results, which are only 
comparative for the series, are given in grams dissolved per 
square metre of surface. 


CoRHOaiON IN A 10 PKR CKNT. SOLUTION OP SULPIIURIC AciD. 


1. Immadium-bronze I . 



. 4-23 

2. Rolled phosphor-bronze 



. 6*31 

8. Aluminium-bronze . 



. 7 00 

4. Cast phosphor-bronze 0 



. 7 37 

6 . Rolled brass 



. 7*43 

6 . Cast brass . 



. 7*48 

7. Roll(‘d gun-metal 



. 7*52 

8. Cast gun-metal . 



. 8*13 

9. Cast phosphor-bronze B 



. 8*64 

10. „ „ D 



. 10 66 

11. „ „ A 



. 11 30 

12. Crotorite . 



. 11*43 

13. Immadium-bronze II . 



. 12*02 

14. Manganese-bronze 



. 13*83 

Corrosion in Sulphuric Acid containing Iron Sulphatb, 

1. Immadium-bronze I . 



. 8*47 

2. „ „ II. 



. 12*02 

8. Cast phosphor-bronze A 



. 18*66 

4. Crotorite . 



. 21*96 

5. Rolled phosphor-bronze 



. 22 51 

^6. Rollfed gun-metal 



. 23*06 

7. Manganese- bronze 



. 23*52 

8. Cast phosphor-bronze D 



. 23*67 

9. Rolled brass 



. 24*58 

10. Cast brass . 



. 24*80 

11. Cast gun-metal . 



. 24*91 

12 Cast phosphor-bronze 0 


4^ 

. 25*81 

18 „ , „ B 



2718 

14 Aluminium-bronze . 



. 29*70 
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Corrosion in a 20 per cent. Solution of HyDRoc’iif.oRu; Acid. 


1. Iminadiura-bronze I . 



2 12 

,2. M „ II. 



4-67 

3. Rolled brass 



572 

4. MfMiganesc-bronzo 



.^.'76 

5. Rolled phosplioi-bionzo 



5 95 

6 Alurainium-bronze . 



6'13 

, 7 . Cast brass . 



6'69 

8. Crotorite . 



8'46 

9. Rolled gun-metal 



8 '72 

10. Cast phosphor-bronze A 



9'13 

11. Cast gun-metal . 



9 40 

12. Cast pliosphor-bronzc- B 



9 '61 

13. „ „ C 



11 '47 

14. „ M D 



16'48 


Corrosion in a Solution of 20 per cent. Hydrochloric 
Acid and 10 per cent, of Sodium ('uloridk. 


1. Imma(iium•b^llze II . . . . 28 ’94 

2. Rolled brass 31 '45 

8. Manganese-bronze . . . , 3275 

4. Iranmdium-bronzc I , , . , 34 81 

6. Cast brass 35 '63 

6. Aluminium-bronze . . . , 4114 

7. Crotorite 44 '83 

8. Cast phosphor-bronze A . . , 46'44 

9. „ „ B . . . 46'56 

10. „ „ 0 . . . 47'11 

11. Rolled phosphor-bronze . , , 48’64 

12. Rolled gun-metal .... 48'62 

18. Oast gun-metal 48 '80 

14. Cast phosphor-bronze D . . , 54'62 


Mr Rhodin has made a special study of the corrosion of copper 
alloys, and he divides alloys into two classes which he describes as 
“balanced” and “unbalanced.” Ralanced alloys are supposed 
to be analogous to double salts, and the theory of solution is as 
follows When brass (to take an example)* dissolves in hydro- 
chloric acid, zinc chloride and copper chloride* are f^med. Now 
the heat of formation of zinc chloride is greater than that of 
copper chloride, hence ib order that the total energy of the 
system may remain balanced, the “tendency to dissolve would 
vary directly as the heats of formation.” Further, the zinc 
and copper will carfy current in the direct ratio of their 
conductivities, and dividing by the 'densities, we have two 
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expressions representing the ratio of the weights of each metal 
dissolved. 

VxMxC 

D 

where V is the valency of the metal, 

M the molecular heat of formation of the chloride, 

C the conductivity, 
and D the density. 

In the case of brass, these expressions give values for copper 
and zinc of 61 and 39 respectively, which is approximately the 
composition of Muntz metal and the alloy which Mi’ Khodin finds 
the least corrodible of the copper-zinc alloys In confirmation of 



Fig. 51.— Rhodin’s Corrosion Apparatus. 

this theory Mr Rhodin states that the addition of a more electro- 
positive metal such as aluminium decreases the solubility of a 
brass containing 70 per cent, of copper, but increases that, of 
brasses with less than 60 per cent, of copper ; whereas the addition 
of an electronegative metal such as tin has exactly the reverse effect. 

In order to corlipare the rates of dissolution of alloys Mr 
Rhodin has'^devisetl an apparatus for measuring the volume of 
hydrogen evolved during a given time. The apparatus is shown 
in fig. 51, and explains itself.^ The water-hith in which the 
dissolution flask is immersed must be kept at exactly the same 
temperature, and two burettes are provided with a three-way cook, 
so that readings can be taken at intervals df ten minutes by using 
* Figs. 61 and 52 are inserted by permission of publishers of Engineer. 
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the burettes alternately. The alloy to bo tested is drawn into 
wire about 0*5 mm. in diameter, and a length is cut off sufficient 
to provide a surface of 2 sq. cm. Strong hydrochloric acid is 
used as a solvent, and for copper alloys a temperature of 80’ is 
maintained. Fig. 52 represents some curves given by Mr Rhodin 
as typical of the following alloys 



I. Copper of good quality. 

II. Bronze containing 90 per cent, copper and itf per cent. Sn. 

III. Admiralty gun-metal. 

IV. Muutz metal and very good manganese-bronze. 

V. Brass containing 70 per cent of copper. 

VI. Low percentage brasses, rich in iron. 

VIL and VIII. Low percentage brasses of manganese-bronze 
type which contain incompatible ingredients. 
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As the result of his experiments Mr Rhodiu arrives at the 
conclusion that in a given series of copper alloys “ the alloy which 
has the flattest and most regular dissolution curve, does at the 
same time possess the best mechanical properties.’’ 

A great many papers have been written on the subject of the 
corrosion of non-ferrous metals and alloys to which it is up- 
necessary to refer in detail here. An excellent summary of these 
papers has been given by Bongough in a report to the Corrosion 
Committee of the Institute of Metals published in 1911. 

As regards the corrosion of steel and iron alloys Howe has made 
a number of exhaustive trials with wrought iron, steel and nickel 
steel. The plates tested in these experiments weighed 2597 lbs., 
and the total area exposed was 928 sq. ft. The results are 
summed up in the following table, wrought iron being taken as 
the standard in each case : — 



Sea Water, 

Fresh Water. 

Atmosphere 

Average. 

Wrought inm 

100 

100 

100 

100 

Mild Hteol 

114 

94 

103 

103 

3 per cent, nickel steel . 

83 

80 

67 

77 

26 per cent, nickel steel . 

32 

32 

SO 

81 
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CHAPTER VIL 

COPPER ALLOYS, BRONZE. 

It is custoamry to connider the alloys of copper under three heads, 
viz. (1) The bronzes, or alloys consisting mainly of copper and 
tin ; (2) the brasses, consisting mainly of copper and zinc ; and (3) 
other alloys of copper. Although not an entirely satisfactory 
classification, there is much to be said in its favour, and it is to be 
regretted, that manufacturers in some instances use the terms 
brass and bronze indiscriminately. Alloys, for example, contain- 
ing from 60 to 70 per cent, of copper and 30 to 40 jier cent, 
of zinc, together with small percentages of iron, aluminium, or 
manganese, would be far more accurately described as brasses 
than bronzes, and yet these alloys are frequently described and 
sold as bronzes. If such alloys contain aluminium or manganese, 
or even if these metals have beeh employed in their manufacture, 
they might be described as aluminium-brasses or manganese- 
brasses, but not bronzes. The terms brass and bronze are so 
firmly established in the English language that it would be 
irnpossible (even if desirable) to adopt any other classification, 
and the words should therefore be employed with discretion. 

Bronze. 

Historical. — The word bronze, derived from the Italian bronzo, 
appears to have been introduced into the English language in 
the 16th century. The alloy, however, was known in very early 
times, and a rod of me^al found by Dr Blinders Petrie at Meydiim, 
and estimated to belong to a period about 3700 b.c., was found 
to contain 89’8 pejj cent, of copper and 9*1 per cent, of tin, 
141 
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together with small quantities of impurities. Whether the tin 
is present as an impurity or whether it was added iuteutiona'lly 
it would be difficult to say ; but it is curious that the proportion 
of tin to copper is very nearly the same as that of modern bronze. 

Some battle-axes and other objects from the deposits, which 
Schlieraann dated at about 1200 B.O., and which he identified 
with Troy, were found to consist of copper and tin, the tin 
Varying from 3*8 to 8*6 per cent . ; whereas the objects found 
in the earlier deposits were of copper. The oldest relic which 
can be dated with any accuracy is a sceptre of Pepi I, {6th dynasty), 
which is almost pure copper. All the available evidence scorns 
to prove that a copper age preceded the bronze age, and it is 
more than probable that the production of bronze was in the 
first place the result of accident, and that the intentional addition 
of tin to copper was only the result of experience. Bronzes have 
been found in Kgypt dating from very early times. In Greece 
bronzes were very rare in Homeric times (900 B.o.), and the Greek 
and Trojan heroes (1194-1184) used copper for their armour, 
swords, knives, and spear-heads. 

As regards the relation of the bronze age to the iron age there 
has been much controversy, and it has been proved by recent 
discoveries that the iron age is of a much earlier date than was 
formerly supposed. At Hallstadt, in Upper Austria, no less than 
6084 objects were obtained from a prehistoric cemetery. These 
include tools of copper and bronze and swords both of copper 
and iron, together with those of a transition period having blades 
of iron and handles of copper. Montelius considers that the 
bronze swords belong to a period about 850 to 600 B.O., and the 
iron swords to a period about 600 to 400 b.c. • 

In Egypt, Assyria, and Babylonia instruments of bronze have 
also been found, together with those of iron; while in Ireland, 
vindia, Cyprus, and other countries, weapons of almost pure copper 
and similar ih form' to those of stone have been found ; so that 
it appears safe to conclude that the bronze age overlapped on 
the one hand the age of copper, Slid possibly the age of stone ; 
and, on the other hand, the great age of iron. The earliest 
bronzes consist almost entirely of copper and tin; but many of 
the Roman bronzes contain large quantities of lead. The addition 
of lead is, in fact, due to the Romans, and first appears in m 
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tigmtum (429-451 b.c.). The following table gives the analyses 
of i?ome ancient bronzes : — 



Copper. 

Tin. 

Bead. 

lion. 

Celtic vessels 

88-0 

12’0 



Bronze nails 

95-1 

4-9 



Bronze (Troy, 1200 B.c.) . 

907 

8 ’6 

... 


Bronze ,, ,, ... 

Roman sword blade .... 

98'8 

57 



91-4 

8 ‘4 



Coin of Ptolemy IX 

84-2 

16 6 



Athenian coin 

89-4 

9'9 



Coin of Alexander the Great 

867 

13*2 



Axe-head 

88-0 

11*2 

0 8 


Attic coin 

88'6 

10-0 

1 1 


Coin of Juliufl Csesar .... 

79‘1 

8-0 

12-8 


Roman As. (b c. 500) .... 

697 

7-2 

2r8 

0-6 

Sword blade ... 

89-6 

10-0 


0-4 

Egyptian statue 

81 ’2 

25 

16-0 


,, statuette Osins {3n0-200 B o.) 

76*8 

11 -2 

117 


Greek statue, fifth ceiituiy b.c. 

84*5 

9-5 

5 '3 


„ „ fourth ,, „ . 

89-0 

6T 

49 


II vase ,, II }» • 

817 

10-9 

5 *3 

o*i 

Roman statue 

78*3 

10’8 

10*2 

0-1 

,, statuette 

78*8 i 

9*0 

12T 

0-1 


The presence of lead in bronze was probably due, in the first 
place, to the fact that the tin was adulterated with that metal ; 
but it was probably soon discovered that the addition of lead 
conferred valuable properties upon the alloy, and the bronzes of 
later date almost invariably contain appreciable amounts of lead. 

The presence of zinc in bronze was also probably the result 
of accident, due to the introduction of zinc ore into the furnace 
charge. An Etruscan bronze, dated the fifth century b.c., was 
found to contain 0*73 per cent, of zinc. Early Japanese bronzes 
have also been found to contain appreciable quantities of zinc as 
well as lead. 

Modem Research,— The most convenient date from which to 
begin the study of modem research on the (Jopper-tin alloys is 
1879, for in that year the Committee on Alloys appointed by the 
United States Board published a table in which the results of 
their own researches and those of previous workers were collected. 
This table has been frequently quoted in books dealing with 
alloys, and as it contfUns much valuable information in a con- 
densed form it is inserted here : — 




Properties of Copper tin Alloys. 


Ar.LOYS. 


Remarks. 

a Sped tic gravity! 

of bar 1 

6 Specific gravity, 
of tuiniiigs 

from ingot 

Cast copi>er 

Sheet copper 

Mean of nine ■ 
samples. | 

Defective bar. | 

Can be forged ! 

like copper. 1 

Ramrods for 

guns ^ 

Defective bar 
Resists action 

of h j d rochloric 

acid. 

Amnealed And 

compressed. 

Authority 


Couiiuctivity for Rlec- 
trioity. Silvers too 


Conductivity for Heat. 
Silver -100 

w *2 

Older of Fusibility 
(Mallet.) 


Order of Malleability 
(Mallet ) 


ITiirdncss (Mallet, 
Calvert, Johnson ) 


Ilclative Ductility 
(Thurston ) 

o , . « 

9 • • * • § ’ ■ ® 1 

Order of Ductility. 
(Mallet.) 

: H ; 

Tenacity in lbs. 
per hqiiaie inch. 


Fracture. 

3 >» 

0 £ =..=. a. 

a « 1 ’ '1 i 

Colour. 

V 3 . M s' 

Specirto Oiavity. 

1 a *s 

5® SaSaS® S' 'S' 

oooo '/iM an m 0 ^ co co oofi' 

^ M * 1 

. ^ • • • • S 

11 

a ' 

S . . . . S . 

& ■ * • • g • 

C _ ' 1 

- « c 

■s = ^ ^ 1 

_ U50 S 

0 00000000 ^ ^ 

lo S • 1 

E 5! S 

O 

U I 

g oo5ggggg eiS ^ 

H con/) co j>o o o 

O'. OO) 0 0)06 05 05 

Atomic Formula. 

s 1 

: C : : : 0 : 

. g a 

CW GQ_ 

d 

iz; 

H‘ weo^iO'Ob-QOoe 2^2 2 S S 


16 I SnCUiB 





COPPEtir ALLOYS, BRONZE. 14B 



9 assi sa $ $:sss sas asds g a $ 

, 



Pbopbbtibs of Cofpkb-tin Alloys — eontimtsd . 


146 


ILLOYS. 


(0 

'u 

a 

(A 

Mean of eighty- 
three gun-heads. 

Oun-metal. 
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LIST OF vVUTITOIllTIES KKFEKRED TO IN PRECEDINO TA15PE 

Bo.--Bollfcy, A\s(//s ft lie /nrdifs Clumujin^j Pans, PShi), j)|) IM.'), .‘IIH, 

Or.- ' Crooekcwit, A'/f/// rr// v’.s 1M8, \()]. xh pj) 87 98 

C. J.- Calvert. liiidJolniRon, “ Sjncjlic (ti.i viticv/’ /V m/. Mntf , mi] wmi 
j»p 114 181 , “ PnndiicliviU,” /’A// Tri/)!';., 18. iS, pp, .'jip ,ii8 - 
De — S B Dean, Ontna/ii /’ ISo/rs, No. xl , Wa-.liiii^loii 187;>. 

La --Lal'ond, J)inij/f)\ Jviirn"/, 1899, \ol cxxw [>. 999 
Ml —Mallet, P/nL M'kj , 18 12, vol xxi. pj) <»() eS 
Ma — Matt^ll(^^Ben, /'Ai/ 7'?eaA-. , 1800, ]> 101: ihid , 1801 pp P.7 2i'fi 
Mar - Marchaiid mid Sclieercr, .Ao/z/ioZ inr fndJ tsrhr I'hnine \ol xmi 
_p. 19.) (( 'Kuk’s 0')iisl,uils o( Nailin' I 
Mu 8. — MuhhClienbroidf /Aa’.s IhctiDimrii, Ailido ■' Alhiy ” 

Ri. — Rielie, r/r ^ '/n/Ai/e, 1 S78, \ ol xx. iiji 8. -I 119 

\J SB, — Rej)i/ft of I 'nitiiinl/ff: on Mctidhr Alhni^ apjiintdid bn (hid'd Shdt 
Hoard to ted h on, Htnt, dr 

T ThoiuaB Thoinsoi), s (A (Vnmic, 1814, \))1 1\\m\ pp-40 .’’8 

W -WaltB’ !tidH)nai n nf Chcmidi n 

Wa. Maior Wade, I’liiK'd Slales Annv, Ibp'ol on Id /n i unrnJ'^ on Mdot 
for ( 'annon, I’liil , l.''9i) 

We, -Weidemann, /’hd M'fg , 1800, vol xix ]>p. 248, 211, 

In the foregomir table the ligiires of older of diudility 
li-irdiiess, and fusibility are taken from Mallet’s expiiiineiit 
on a series of sixteen alloys, the lii;nre 1 i e[)ie8('nLing th 
niaxiinuin and 16 the luimniuin of the pro[)erty. The ductility 
of the biiftle metals is represimted as 0. d’he relative ductilit; 
j.'iven in the table of the ;illoys e.xpei imeiiU'd on by the L 8: 
Board is the pro[)ortioiiate extiaision of I he exteiior fibres of th 
pieces tested by torsion, as deteimiind by the autopuaph straii 
diagrams It will bi' seen that the order of diietility ditl'er 
widely from that given by Mallet. 

d'he figures of relative hardness, on the authority of Calver 
and Johnson, arc those obtained by them by means of ai 
indenting tool. 'I’he (igures are on a scale in which cast iroi 
is rated at 1000. The word “broke” in tins colmuii indicate 
that the alloy opposite wliieli it occurs broke under the indentirp 
tool, showing that tiie relative hardness could not be measured 
but was considerably greater than that of cast iron. 

iSiiiee the pjiblieation of this table the copper-tin alloys have beei 
subjected to a very thorough iiivestigitimi, and their physical aiK 
chemical as well as their mechanical pr()pertle.^ have boon studied 
It would take too long to consider the various researches in detail 
but the results may be bnelly stated. The melting-points an( 
th^ microscopical examination of the alloys have already beei 
referred to, and in addition to these Laui^e (and more recentb 
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Herftchkowiisch) have (Pheriniriod the electromotive foice , Lodge 
hiVS determined the coiidu<‘tivitv and llerNchk.ovitseh Ins fietoi-- 
tmned the heiit of formation. It has alx) Ix'on slioun h\ Ledoux 
that the tliermo-electrie power has <i ma\imum N.diie for ilio 
composition corre.s|)on<hng to Ln,Sn and a minimum foi the com 
position corresponding to Cu,Sn 

ihe variations in the jilpysieal pi'OjKuties of tii(> smses aie 
plotted in tig. 1 1, and it will he ohsmveil tint the ('M.hmcc in 
support of the existmi(‘(M)l a (hcinite comjxmnd conespoiiding to 
the formula Cn^Sn is o\ ei whelmiiie 

A glance at the curves repiesmiting ttio filivsie.d and m.'chameal 
properties of the copper-tin alloys (tigs 1 1 and lo) will sliow that 
from a mechanical point of vieu the middle members of the 
series a, re valueless, and in fact the useful alloys d(. not contain 
moie than dh per cent, of coppiu- 'riiesc in turn may iie divided 
into two classes, vi/. • (I) gun metal, containing from S to 1 pei 
cent, of tin ; aiul (2) hell-metal, containing tiom 15 to 25 per cent 
of tin. 

Gun-metal, as is wadi known, derues its name from the fact 
that hclore the in( rodiict ion of st«‘el as a material for the nianii 
■ facture of guns they were ma,de of this alloy 

The following tahhy giving the composition of the actual alloys 
.employed in the manuf.icture of oidn.ancc h\ the dillmmit 
countries, shows that, with the exci'ptmn of the (diinc.se, thcic is 
not much ditl'erenci' between them 



Coppoi 

Tin. 

Iron 

Znio 

fa'.cl 

linglish onhiaiice 

91 7t 

8 90 




8 jxaindu gujis 

9ia>(t 

8 3.5 




Pnissian eniiiance 

90-91 

!)-()9 




Flench 

90-73 

9 27 




Amcnc.iii ,, 

90-00 

10 ()0 

. » 



Jlnssian ,, 

88 01 

10-70 

-6<J 



8wasa ,, 

88 93 

10-38 

•11 

ft 

•42 

00 

Chinese ,, 

77-18 

3-12 

1-10 

5-02 

13 22 


93-19 

6 43 

1-38 




The bron/es containing from 8 to 11 per cent, of tin are the 
most suitable wheie a ’combination of strength, elasticity, tough- 
ness, and ability to Wl(h.^tand shock are re(pnred d he alhjy 
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containing 9 per cent, of tin has a tensile strength of about 16 
tons per square inch, with an elastic limit of 6 '6 tons per square 
inch and an elongation of 16 per cent. 

Gun-metal, as has already been stated, consists of a solid 
solution of tin in copper containing a certain amount of the 
definite compound Cu^Sn. When viewed under the microscope 
the solid solution is yellow in colour, while the compound is almost 
white. It is curious that this constituent does not form until 
the alloy is completely solid ; and moreover, as was first pointed 
out by Chnrpy, it never occurs in a uniform mass, but is always 
more or less broken up. Photographs 9 and 10 show the ap[)ear- 
ance of a gun-metal magnified 100 diameters, and photograph 11 
shows tlie appearance of the Cu^Sn under a higher magnification. 

Influence of Heat Treatment on Bronzes. — It has already 
been shown that the bronzes containing from 9 to 22 per cent, of 
tin pass through three distinct stages during solidification. In 
the first place, a solid solution of tin in copper (Heycock and 
Neville’s a constituent) separates out at temperatures varying 
from 1020'’ in the case of the bronze containing 9 per cent, of 
tin to 8G0* in the bronze containing 22 per cent, of tin. At 790* 
the remainder of the alloy solidifies in the form of a second solid 
solution (Heycock and Neville’s p constituent) containing from 
22’5 to 27 per cent, of tin. The solid alloy now consists of two 
solid solutions and undergoes no further change until the tempera- 
ture falls to 500°, when the P solution is no longer stable but 
breaks up with the formation of the 8 constituent, which is probably 
the compound Cu^Sn, The alloy now consists of a mixture of 
a and 8, and is stable at the ordinary temperature. 

It is obvious from the foregoing considerations that heat- 
treatment must have a very decided influence on the physical 
'properties of the alloy. If, for example, the bronze is quenched, 
at a temperature 'above 500* the formation of Cu^Sn (a hard, 
brittle constituent) is prevented, and the alloy is more malleable 
and stronger. The change is most strongly marked in the case 
of the alloys rich in tin. > 

Quillet has made some experiments on 'the mechanical properties 
of bronzes quenched at various temperatures, and his results 
confirm the conclusions which would be drawn from theoretical . 
considerations. The curves in fig. 53 are plotted from Quillet’s 
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figures, and represent the breaking strain of five bronzes con- 
taining respectively 95, 91, 87, 84, and 79 per cent, of coppfer. 
These results explain the fact, which has long been known, 
that bronze can be forged at a temperature just below redness, 
and that bronzes quenched at or above that temperature become 
malleable. The Chinese were evidently well aware of this property 
of the bronzes ; for their gongs have the composition of these 
bronzes, and were not cast, but hammered. 

Zenghelis ha^ described an ancient bronze coining die found in 
Egypt in 1904. It dates from 430-322 b.c., and is the only 
genuine example of an antique bronze die. An analysis of the die 
showed 69*85 per cent, of copper, 22*51 per cent, of tin, and 7*6 
'per cent, of oxygon. No impurities were detected, and from the 
analysis and the relative oxidation of the two metals Zenghelii* 
concludes that the original com[)Osition was as nearly as possible 
75 per cent, of copper and 25 per cent, of tin. 

The die has not been examined microscopically, but there is 
little doubt that the alloy was quenched in order to enable it to 
stand the shock of coining. 

The influence of annealing on bronze is of some interest and 
under certain circumstances of considerable ])ractical importance. 
If the alloys are annealed at temperatures below 500“ (that is to 
say, the temperature at which the 8 constituent, or Cu^Sn, is 
thrown out of solution), the separation of the two constituents is 
rendered, more complete, and in consequence there is a slight 
decrease in the tensile strength. If, however, the annealing takes 
place at temperatures above 500", the copper absorbs or dissolves 
more of the 3 constituent, and in the case of bronzes of the gun- 
metal type containing 10 per cent, of tin, the whole of the 
B constituent may be dissolved, with the result that an alloy 
consisting of a single solid solution is obtained. The change is 
.accompanied by a nfarked increase both in tensile strength and 
elongation. The niaximum effect is obtained at 700' ; beyond 
this there is evidence of incipient fusion, and the alloys develop 
intercrystalline weakness. 

The following tests given by Primrose were made on liars of 
Admiralty gun metal (88 copper, 10 tin, 2 zinc) cast in chills : — 
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Tempciatiiro 

Time in 

Tensile St length 

KlcHlgiltlOIl 

of Annealing 


in loius poi sq in. 

p( 1 cent. 

v, 


18-6 

20-0 

500 

SO 

16 7 

9-0 

600 

SO 

15-0 

7 0 

650 

so 

lOT) 

27 0 

700 

30 

ZZ-5 

4. VO 

750 

SO 

21 0 

40 0 

800 

SO 

18T) 

34 0 


Where it is desired to produce a lioiiio^ciieoiis alloy possessing 
great strength and duclilily, annealing may he lesorted to with 
advantage, but it must be remembered that a high tensile 
Strength aiicj elongation are not always necessary or even di'sir- 
able. For example, a gun-metal intended to withstand hydraulir 
pressure would be improved by annealing, whetcas one intended 
for a bearing or any other machine part siibjeeted to friction 
would be seriously injured’ by the same treatment. 

Modern bronze neaily always contains small (]uantilies of lead, 
zinc, and Iron, which are often purposely added with the object 
of conferring special properties upon the bronze It, however, a 
combination of strength and elasticity is required, the alloy should 
be as free as possible from these additions. 

Lead, except in very small quantities, does not alloy with lironze, 
but separates out in, the foim of minute globules as the metal 
cools. The best bronzes should not contain more than 0*15 per- 
cent. of lead ; but in cases where an alloy of great strength is not 
necessary, a larger amount of lead is sometimes added, as it enables 
the metal to be more easily turned or hied. For special purposes, 
however, a much larger quantity of lead is added. The most im- 
portant of these are the bronzes used for bearings and for statuary. 

Zinc in small quantities has a very bencheial influence when 
added to bronze. Being an easily oxidisable metal it combines 
with any oxygen which may be present, eitheiMn the free state or 
in the form of dissolved oxides in the molten mcifal, with the 
result that the metal is more fluid — “runs thinner,’' as it is 
described, and gives castings free from the defects known as pin- 
holes. A slight excess of zpic will merely allo}’ with the bronze, 
without materially affecting its quality; but the excess of zinc 
should not exceed 2 per cent., otherwise the colour of the bronze 
,will be injured and the alloy will be harder, but weaker. 
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Iron alloys with bronzo, making the resulting alloy lighter in 
colour and coiisidetably hinder. It incicases the tenacity, and is 
useful where a very haid bronze is reijuired. * 

Bell-metal contains from 15 to *25 per cent, of tin and the 
remainder copper. Lead, zinc and other impurities should not be 
present in more than traces in the best metal. large bells 
contain the largest amounts of tin, usually about 25 per cent., 
while small bells contain about 15 per cent. The tone of a bell 
can be modified to a certain extent by altering its composition, 
but the purity of tone is a matter which depends more upon the 
skill of the designer and the founder than upon the composition. 
In fact, the shape of a bell is of the utmost importance, and it is 
probable that few metals or alloys could not bo used in the 
manufacture of bells, il they were of the propci shape. 

In this connection it is not without interest to recall the fact 
that as far back as 1726 Lemery noticed that under certain 
conditions even lead becomes almost as sonorous as bcll-metal, and 
Ri^aumur, to whom Lemery communicated the fact, subseipiently 
showed that it was necessary to cast the lead in the form of a 
segment of a sphere. The following tabh' will give an idea of the 
very variable composition of the alloysMised in the manufacture 
of bells 



Copper. 

Tin. 

Zinc. 

Lead. 

Antimony. 

Lai ge bolls , 

7G 

24 




House bolls . 

78 

22 




Musical bells 

80 

20 




84 

It) 




Clock bells , 

75 

25 




Old bell at Rouen , 

71 

20 

1-8 

i -2 


Small bells . 

40 

60 




99 9 9 * • 

... 

87*6 



12'6 


Bell-metal when' slowly cooled is very hard and brittle. “ It 
consists largely of the compound Cu^fSn, and is therefore very 
susceptible to heat treatment. When chilled fiom a low red heat 
(^e. at a temperature above that at which Cu^Sn forms) it is more 
yellow in colour and malleable. 

As regards English bells the earliest existing example to which 
a date can be atlixed is to be found in the village of Claughton, 
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near Lancaster. It is slightly over 16 inclica in In'ight, 21 in 
diameter at the lip, and bears the date 12‘.K) From thl^ time 
bells with inscriptions and dates are to be found, and the history 
of bell-founding in this country can be traced. The earhesL 
instructions for bell-founding occur in a tn'.itise by Walter of 
Odyiigton, a monk of Evesham, in the time of Henry 111 , who 
describes the method of founding ami also the method of 
determining the relative sizes of the bells necessary to produce 
the required notes. 

Many of the well-known large bells have been recast from older 
bells. Thus “Great Dun.stan ” of (kinterbury, weighing tons, 
was recast in 1762 from an ol<l boll, originally the gift of Prior 
Molass in 1430. “Bell Harry” was likewise recast in 11)35 from 
an old bell said to have been the gift of Henry VI II. The famous 
“Great Tom” of Oxford was removed from Oseney Abbey to 
Oxford at the time of the dissolution of the im)iiast('rie8, and has 
passed through many vicissitudes. It was recast in 1612, again in 
1654, and in 1680 three unsuccessful attempts to recast it were 
made, the mould bursting in the third attempt. I'he mwt 
attempt was succes.sful, and the bell was again recast m 1741 
Of the more modern and largest bells may be mentioned 
“Peter” of York, cast by Charles and George Mears at the 
Whitec*hapel foundry in 1845. It weighs about 12^ tons, is 
7 ft. 4 in. in diameter, and cost £2000. 

The original “Big Bon” of Westminster was cast by Messrs 
Warner & Son in 1856, and weighed 14 tons, with a diameter of 
9 ft. It was found to be cracked, and was recast by the Meafs 
at Whitechapel with a slightly reduced weight and a very much 
lighter clapper — 6 cwt. instead of a ton. 

“ Great Paul ” of St PauFs Cathedral was cast at the Lough- 
borough foundry in 1881. It weighs 16 tons 14 cwts. 75 lbs., and 
has a diameter of 114j inches. / 

Statuary Bronze. — The essential features of a s^^atuary bronze 
are — (1) that it shall be very fluid and easily cast; (2) tliat it 
shall be capable of being finished and easily lilcd ; (3) that its 
colour shall be as nearly that of gun-metal as is consistent with 
these requirements; and (4) that under the influence of the 
atmosphere it shall ajsume a pleasing oxidation tint or “patina,” 
as it 13 called. 



fo" rwra-- 

The alloy which has ^been found to possess these properties^ 
host nearly lies midway between the bronzes and the brasses, and 
iBually contains a considerable percentage of lead. The following 
jablo shows the percentage compositions of a number of celebrated 
itatues : — 



Copper. 

Tin. 

Zino. 

Lead. 

Iron. 

J7ickel. 

Column Venddme, 'Paris . 

39-20 

10-20 

0-60 

0*10 



Column of July, Paris 

91 40 

1-60 

5 60 

1*40 

... 

... 

Henry IV. , Paris 

89*62 

6*70 

4-20 

0*48 



Louis IV. equestiian statue, 

91-40 

1 70 

5*53 

1 37 

... 

... 

Paris, 1699 







The Shepherd, Potsdam Palace 

88-68 

9*20 

1*28 

0*77 


... 

Bacchus, Potsdam Palace . 

89-34 

7-60 

1 63 

1*21 

o-i's 


Germanicus, Potsdam Palace, 

89-78 

6-16 

2 85 

1-83 


0-27 

^ 1820 







Mara and Venus, Munich, 1686 

94-12 

4-77 

0*30 

0*67 

... 

0-48 

Bavaria, Munich 

91-65 

1*70 

6-60 

1-30 



Grosser KurfUrst, Berlin, 1703 . 

89*09 

6-82 

1*64 

2-62 

O’is 


Frederick the Great, Berlin 

88*30 

1*40 

9*60 

0-70 



Melanchthon', Wittenbeig 

-N., 

89-65 

2*99 

7*46 

... 




The addition of zinc renders the alloy more fluid, and greatly 
facilitates the operation of casting. Too much ?inc, jiow^j^er, 
should^ be avoided, or the metal will have a brassy colour, and 
“will not assume a pleasing “palina” on exposure to the atmos- 
phere. ■ / 

The presence of lead in statuary bronze is very important. In 
the first place, it appears to give a very fluid metal, but it also 
oftuses the bronze to acquire a beautiful brownish black patina, 
characteristic of many old bronzes on exposure to the atmosphere. 

Coinage Bronze. — A bronze which is to be used, for coinage 
must be majleable and ductile, so that it will -take the impression 
of the die ; and as hard as possible, in order to withstand wear, 
in May 1852 <Franc 0 adopted an alloy of 95 per cent, of -copper, 
4 * per cent, of tin, and 1 cent, of .zinc, and the same alloy was 
j&tkt used in England* in 186 L It is extremely durable, and is 
alloy employed by both countries at'-the present time. The 
^t Jbhat a large number of the coins struck in 1861 are still in 
Circulation and the date and lettering perfectly legible, is sufficient 
evidence of the hardness and durability of the alloy. \ ^ 
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For medals where fine relief is required a somewhat softer 
alloy, containing less tin, is used. 

Speculum metal derives its name from the fact that it was the 
alloy employed for the manufacture of reflectors. Until com 
paratively recently it was used for telescope and other optical 
reflectors, but these are now made of glass. Speculum metal 
contains 66*6 per cent, of copper and 3.3-4 per cent, of tin, and 
consists of the compound SnCu^. It is extremely hard, brittle, 
white, and takes a very fine polish. The composition of well- 
known telescope mirrors varies from 65 to 70 per cent, of copper, 
the famous Ross reflector containing 68*21 per cent., and the 
Birr Castle 70*3 per cent. 
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CHAPTER VIIL 
COPPER ALLOYS, BRASS. 

The discovery of brass vessels and implements of very early origin 
is proof tliat the alloys of copper and zinc were known to the 
ancients ; but there is no doubt that, just as in the case of bronze, 
the early brasses were produced accidentally owing to the admix- 
ture of zinc ores with the copper ores. Later on the addition 
of calamine to copper ores became the regular method of making 
brass, and was long practised without any knowledge of the part 
it played in producing the beautifully coloured metal. 

There is no doubt that the\ Romans were the first makers of 
brass, and the intentional addition of zinc appears to have begun 
in the time of Augustus (30 b.o. to 14 a,d.), one of tlfe earliest 
examples being a coin of 20 b.o. which contains 17*3 per cent, of 
zinc. 

The following table gives the composition of several early brass 
coins : — 



Copper. 

Tin. 

Zino. 

Lead. 

Iron, 

Augustus, 80 B.O. to 14 A.D. , 

87*06 

0*72 

11*80 

trace 

0-48 

0 

Tiberius, 4 to 64 A. D. . 

72’20 


27 70 


... 

Nero, 64 to 68 a.d. 

77*44 

0*30 

21*60 

ti'aco 

032 

Vespasian, 71 a.d 

81 97 


18*68 

0*14 

0*12 

Trajan, 98 to 107 A. D. . 

77-69 

0*39 

20*70 

... 

0*27 

Sabina, wife of Hadrian, 100 to 
187 A.D. 

82*86 

«0-43 

16*84 

trace 

0*88 
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The early history of brass in this country can be traced by 
meahs of the ecclesiastical brjisses or (attens existing m our 
churches. Latten was the ancient name of the alloy (which is 
still retained in the French word laiton\ and until the middle of 
the sixteenth century it was manufactured in Flanders and 
Germany and imported into this country, principally from 
Cologne, in the form of rectanguhr pieces known as Cullen 
plates. The alloy contained considerable quantities of lead and 
tin, and it is probably on that account that the brasses have lasted 
so well. 

The earliest existing brass is that of Sir John Daubernoun at 
Stoke d’Abernon in Surrey, and dated about 1277. The brass, 
76 in. in length, is in the pavement of the village church, and 
represents Sir John Daubernoun in a complete suit of chain 
mail. 

From this date onwards there exist a complete series of brasses 
which have proved of the greatest historical value. Although 
there are no available analyses of the earliest memorial brasses, 
several of slightly later date have been analysed and the composi- 
tions of a few of these are given in the following table : — 



Copper. 

Tin. 

Zinc. 

l.ead. 

Iron. 

English memorial brass, 14th century 

66 64 

trace 

28*27 

... 

0-08 

„ ,, ,, 146h . 

67 '64 

MO 

24 16 

7-14 


M M „ 1470 . 

68-81 

2-56 

28 50 

2-13 


„ M 1504 

84-00 

8*00 

29-50 

8-60 

... 


In the middle of the sixteenth century there is a marked change 
in the quality of the brass, which now began to* bo manufactured 
in England instead of being imported. For the purposes of 
memorial tablets the English brass was unsuitable, and, according 
to Mr Macklin, it “ was cast, or more probably rolled, in thin 
plates which have worn grievously.” 

With regard to the manufacture of brass in England, Haines 
states that in 1565 Queen Elizabeth granted a patent to Wm. 
Humfrey, assay im^sLer of the Mint, ancf Christopher Shutz, to 
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search and mine for calaniinO) and to have the use of it for making 
all sorts of battery wares, cast works, and wire, of latten. Siiftilar 
privileges were granted to Cornelius Devoz, Daniel -Houghsetter, 
and Thomas Thurland, and in 1568 the company of the mineral 
and battery works was incorporated. In 1584 a lease of works 
at Isle worth was granted to John Brode, and shortly afterwards 
several other mills were set up. 

In 1700 the brass industry was firmly established in this 
country, and with the success of the famous Cheadle works, which 
were established in 1730, the industry ioon grew to be one of the 
most flourishing. Owing to the fine colour of the alloy and the 
ease with which it lends itself to all kinds of mechanical treat- 
ment, it has become the most extensively used of the copper 
alloys. According to its composition, brass may be obtained hard 
and strong or sufficiently ductile to be drawn into wire or 
hammered out into sheets whose thickness is not more than 
Tiyffcny inch. 

The properties and constitution of the copper-zinc alloys were 
naturally studied by the early workers, but it is unnecessary to 
consider their work in detail. The following table, drawn up by 
the Committee on Alloys appointed by the United States Board, 
contains in a condensed form the results of investigations down to 
the year 1881 : — 


[Table. 



Unitbd States Board {Report, vol. ii. 1881). 
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bjJ 

cb 

W 

ft 

s 

Q 


1 

1 


Sheet copper. 

Mean of nine 
samples. 
Tombac for 

buttons 

Red tombac of 
Vienna. 

1 

Railway axles 

porous 

Defective bar. 

Pinchbeck 

Bearings, Aus- 
tria. . 

Red tombac of 
Paxis, 

Tombac. 

Authority. 

1 2 ^ ^ ^ 
p p p p 

Conductivity for Elec- 
tricity. Sllver=slOO 

CD 

* *6> 

Conductivity for Heat 
Silver a 100. 
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Order of Fusibility 
(Mallet.) 

. : ; 
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Calvert, Johnson.) 

S ; . . : : : ; : 
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(Thurston.) 

30*8 
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c4 

a 

Specific gravity of 
ingot 8-753. 

French oroide. 

Very delicate 

castings. 

Om.-imente of 

Ilcinover. 

French oreide. 

Specific gravity 
of powder 8 5^. 

Pans jewellery. 

Authority. 


Conductivity for Elec- 
tricity. Sllver=>100. 

*’0 

Conductivity for lloat 
Silver =100, 

% * 4 « • M « » • 0) • « • f t 

Order of Fusibility. 
(Mallet.) 

M *r~4 ** 'iH *• • 

Hardness. (Mallet, 
Cvlvert, Johnson ) 

^ * • • H • • • 

Order of Malleability. 
(Mallet.) 

M « . . i-< >0 ‘fib ‘ • '00 • • • 

Relative Ductility. 
(Thurston ) 

;; 1 :::::::::::: 1 

Order of Ductility. 
(Mallet.) 
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Fracture. 

Coarsely 

crystaliiue. 

Vesicolar- 

Finely 

crystaliiue 
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crystalline. 
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crystalline. 
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lEarthy. 

Colour. 

Bed- 

yellow. 

Yellow. 

red. 

Bod- 
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Bed- 
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rod. 
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red. 

Bod- 
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The properties mentioned by Mallet are wron 
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LIST OF AUTHORITIES REFERRED TO IN PRECEDING TABLE. 

Bo,— Bolley, Esiais et Recherches Chimiques, Paris, 1869. 

Or.— Croockewit, Erdmann's Jowmal, vol. xlv. 1848, pp. 87-93. 

0. J.— Calvert and Johnson, Phil. Mag., vol. xviii. 1860, pp^ 854-369 ; iHd,, 
vol. xvii. 1869, pp. 114-121 ; ibid., vol. xvi. 1858, pp. 381-883. 

Ma.— Matthiessen, Phil, Trans , 1860, pp. 161-184; ibid , 1864, pp. 167- 
200 . 

Ml, — Mallet, Phil, Mag,, vol. xxi. 1842, pp. 66-68. 

Ri.— Biche, Annales de Chimie, vol xxx. 1873, pp. 361-410. 

TJ.S.B.— Report of Committee on Metallic Alloys appointed by United States 
Board, Thurston’s investigations. 

We,— Weidemann, Pogg. Annalen, vol. oviii. 1869, pp. 393-407. 

Prof. R. H. Thurston, who conducted the investigations for 
the United States Board, makes the following remarks on the 
preceding table : — 

“Alloys having the name of Bolley appended give compositions 
and commercial values, and mention valuable properties, such as 
are given in the column of remarks, but do not give results in 
figures as recorded by other authorities. The same properties 
and the same name are recorded by Bolley for alloys of different 
compositions, such as those which in the column of remarks are 
said to be suitable for forging. It might be supposed that such 
properties belonged to those mixtures, and not to others o{, similar 
composition. It seems probable, however, that when two alloys 
of diflferent mixtures of copper and zinc are found to have the 
same strength, colour, fracture and malleability, it will also be 
found that all alloys between these compositions will possess the 
same proportions; and hence that, instead of the particular 
alloys mentioned only being suitable for fdrging, all the alloys 
between the extreme compositions mentioned also possess thSt 
property. 

“ In the figures given from Mallet under the heads of order of 
ductility, order of nfalleability, hardness, and order of fusibility, 
the maximum’bf each of these properties is represented by 1. ' 
“The figures given by Mallet for tenacity are confirmed by 
experiments of the author, with a few very marked exceptions. 
These exceptions are chiefly the figures for copper, for zinc, and 
for CuZnj (32*85 per cent, of copper, 67*1^5 per cent, of zinc). 
.The figures for CuZnj', as given by Mallet, can, in the opinion of 
the author, only be explained on the supposition that the alloy 
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tested was notCiiZn 2 ,but another containing a percentage of copper, 
pr(Jbably as high as 55. The figure for the specific gravity (8’283) 
given by Mallet indicates this to be the case, as also does the colour. 

“ The figure for ductility would indicate even a higher percent- 
age of copper. The name watchmaker’s brass in the column of 
remarks must be an error, as that alloy is brittle, silver-white 
and extremely weak. 

“The figure of Calvert and Johnson and Riche, 'as well as those 
of the author, give a more regular curve than can be constructed 
from the figures of Mallet. 

“ The specific gravities in Riche’s experiments were obtained both 
from the ingot and from powder. In some cases one, and in 
some cases the other, gave highest results. In the table under 
the head of specific gravity Riche’s highest average figures are 
given, whether these are from the ingot or from the fine powder 
as probably the most nearly correct. The figures by the other 
method, in each case, are given in the column of remarks. 

“ The figures of Riche and Calvert and Johnson are scarcely suffi- 
cient in number to show definitely the law regarding specific gravity 
to composition, and the curves from their figures vary considerably. 

“ The figures of the author being much more numerous than 
those of earlier experimenters, a much more regular curve is 
obtained, especially in that part of the series which includes the 
yellow or useful metals. The irregularity in that part of the 
curve which includes the bluish-grey metals is, no doubt, due to 
blowholes, as the specific gravities were in all cases determined 
from pieces of considerable size. If they were determined from 
powder, it is probable that a more regular set of observations 
coaid be obtained, and that those would show a higher figure than 
7*143, obtained from cast zinc. Matthiessen’s figure for pure zinc 
(7*148) agrees very closely with that obtained by the author for 
the cast zinc, which contained about I per cent, of lead. 

“ The figures for hardness given by Calvert and ffohnson were 
obtained by means of an indenting' tool. The figures are on a 
scale in which the figure for cast iron is taken as 1000. The 
alloys opposite which the word ‘ broke ’ appears were much harder 
than cast iron ; and the indenting tool broke them, instead of 
making an indentation. The figures of alloys containing 17 05,^ 
20‘44, 25*52, and 33*94 per cent, of ziho have nearly the same 
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figures for hardness, 
varying only from 
427*08 to 472-92. This 
corresponds with what 
has been stated in re- 
gard to the similarity 
in strength, colour, and 
other properties of alloys 
between those composi- 
tions.” 

Since the publication 
of this table much 
has been added to our 
knowledge of the 
brasses by the work of 
Chitrpy, Ivoberts- Austen, 
Behrens, Le Chatelier, 
and many others. The 
melting - points of the 
copper-zinc alloys have 
been determined by 
Charpy and Koberts- 
Austen, and tkeir work 
has been confirmed and 
amplified more recently 
by Shepherd, Tafel, and 
-Carpenter and Edwards, 
fi;om whose results the 
adjoining diagram (bg. 
54) has been drawn. 
This equilibrium dia- 
gram expresses all that 
is at present known of 
the constitution of the 
copper-zinc alloys. For 
the sake of comparison 
curves representing the 
diechanical properties of 
the copper - zinc alloys 
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are plotted in fig. 65, 
whith should be read 
along with fig. 64. 

Most writers have *^1 
concluded that copper 
and zinc form a definite 
compound correspond- 
ing to the formula 
CuZhj, and, possibly, 
other compounds corre- 
sponding to CuZn and 
CuZn^. Shepherd, on 
the other hand, argues 
that copper and zinc 
form six solid solutions, 
but do not form any 
definite compound. This 
opinion is difficult to 
reconcile with the very 
strong evidence which 
has been brought for- 
ward in support of the 
view that a compound 
CuZug exists. Briefly, 
the experimental evi- 
dence in support of the 
existence of a compound 
is as follows;— (1) Thevo 
is A rapid diminution 
in the strength of the 
alloys as the composi- 
tion CuZn., is reached. 

(2) The alteration in the 
electromotive force of 
the alloys, as shown by 
Laurie in 1888, and later 
by Herschkowitsch, ^ 
points to the existence 
of a compound. (3) The 
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electrical resistance of the alloys shows a sudden variation at 
the same point, as also do the curves of temperature coefficient 
and thermo-electric power ; and, finally (4), both Baker and 
Hcrschkowitsch have shown that tlie heat of formation of the 
alloys reaches a maximum at the point corresponding to the 
composition CuZog. This maximum amounts, in Baker’s experi- 
ments, to 62*6 calories per gram of the alloy, and his results also 
show a second lise at a point corresponding to the formula CuZn. 

It is true that the microscopical examination of the alloys 
shows a continuous series of apparently solid solutions, but it 
must be remembered that Charpy lias shown that compounds and 
solid solutions may be mutually soluble in one another, and this 
would be quite sufficient to account for any lack of discontinuity 
in the microstructure of the series. 

A glance at the freezing-point curve of the series will show that 
the constitution of the alloys rich in zinc is very complex, but 
these alloys are of little industrial importance, and the constitution 
of the alloys rich in copper — that is to say, the brasses — is com- 
paratively simple. With a few exceptions the alloys of industrial 
value may be said to lie within the limits of 55 and 70 per 
cent, of copper. The alloys containing more than 64 per cent, of 
copper consist of a single homogeneous solid solution, while those 
containing from 65 to 64 per cent, of copper are composed of 
two constituents, each of which is a solid solution. Photograph 
12 sh'^ws the appearance of a brass containing 70 per cent, of 
copper, and photograph 13 is a typical yellow brass or Muntz 
metal. The alloys with the simple structure can be rolled cold 
(although in practice they are more often rolled hot), while those 
containing two constituents are rolled hot. Of course there is no 
sharply defined limit between the alloys which can be rolled hot 
and those capable of being rolled cold, but they can be classified 
in a general way according to their structure. 

The early or calamine method of making brdss, which has 
been referred to, consisted in heating a mixture of zinc oxide, 
charcoal or coal dust, and granulated copper in crucibles. The 
zinc oxide was reduced by the charcoal and the liberated metal 
then alloyed with the copper, forming brass. This process has, 
however, long been abandoned in favour of a direct method, and 
is now only of historical interest. At the present time brass is 
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made by the direct fusion of the metals, the copper being molted 
first under a layer of charcoal to prevent oxidation and the zinc 
added to the molten metal at as low a temperature as possible. 
“^The alloy is then stirred and,* if necessary, allowed to cool some- 
what before pouring. The melting is nearly always carried out 
in crucibles, usually of plumbago, heated in furnaces, which may 
be either coke-, oil-, or gas-fired. Where large ingots of yellow 
brass or Muntz metal are required, the alloy is sohietimes made 
in reverberatory furnaces, capable of melting several tons of 
metal ; but the loss of zinc in reverberatory melting is very high, 
and the method is not employed for high-grade brasses. 

The pouring or casting of the melted alloy is a very important 
operation, as the quality of the brass depends largely on the 
temperature at which it is carried out. If the temperature is too 
high it will be full of blowholes and will probably crack in rolling. 
Such defective metal is 'sometimes described as “spney.” If, on 
the other hand, the metal is poured at too low a temperature it 
. tends to solidify as it touches the mould, with the result that 
there is imperfect cohesion of the metal, or, as the melter describes 
it, it is ^‘spilly.’' This term is also applied to imperfect castings 
due to the presence of charcoal or dross. The moulds into which 
the metal is poured are previously heated and the insides coated 
with oil or*mixture8 of charcoal and oil or resin and oil. 

, The industrial brasses may bo conveniently divided into three 
classes, viz. 

1. Cast brass. 

2. Low brass for hot rolling. 

3. High brass for colcj rolling. 

- Cast brass is very variable in composition , but, with the 
.exception of a few alloys rich in copper used in the manufacture 
of cheap jewellery, etc., the usual composition of cast brass is in 
the neighbourhood of 66 per cent, of copper and 34 per cent, of 
zinc, which is known as English standard brass. It •casts well, 
and is capable of being rolled and hammered and oven drawn 
' into wire. In most oases, however, cast brass is not required to 
Tjndergo much mechanical treatment, and it is consequently very 
f-hiapure. Large quantities of scrap are employed in its manu- 
■<focture, and it usually* contains relatively large amounts of* 
/^purities, such as tin, iron, and lead. These are of little 
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quence, and, in fact, if the metal is to be machined or filed the 
presence of lead, as will he seen later, is a distinct advantage 
in facilitating these operations. Further, the presence of tin 
and lead together gives rise to very fluid alloys invaluable for 
fine castings, and having a colour somewhat resembling bronze. . 

Low brasses, suitable for hot rolling, contain from 55 to 
63 per cent, of copper. They are cast in large ingots, which 
are reheated and passed through the breaking down rolls, 
followed by a second reheating before passing through the finishing 
rolls. Hot rolling is therefore rapidly carried out, and only 
requires a single reheating from beginning to end of the rolling. 

The commonest of the yellow brasses is that known as Muntz 
metal. In 1832 George Frederick Muntz took out a patent^ for 
the use of an alloy containing 60 per cent, of copper and 40 per 
cent, of zinc as a sheathing metal for ships, and he claimed that 
in these proportions, “ whilst the copper was to a considerable ex- 
tent preserved, there was a sufficient oxidation to keep the bottom 
of a ship clean.’' In 1846 Muntz took out another patent for a 
cheaper alloy containing 3J per cent, of lead and 56 per cent, of 
copper, which was claimed to be equally satisfactory for the purpose. 
Although these alloys are no longer required for the particular 
purpose for which the patents were issued, the alloy containing 
60 per cent, copper and 40 per cent zinc is largely used for other 
purposes, and is still known under the name of Muntz metal. 

As already mentioned, Muntz metal contains two constituents 
— a soft constituent a and a harder constituent /i. In the 
oast state the alloy possesses a coarse structure, the two con- 
stituents separating in large masses, but the eifect of hot rolling 
is to retard the growth of these masses with the production of 
a stronger metal possessing a finer structure. If the work 
takes place at temperatures below 600'* the alloy is no longer 
capable of any noleoular re-arrangement, and the only effect 
is to distort the grains or crystals already formed. A temperature 
of 600“ is therefore regarded by Bengough and Hudson as the 
limiting temperature dividing “hot" and “cold" work for this 
particular alloy. The effect of cold work is removed by annealing 
at about 800“, or by prolonged annealing at lower temperatures. 

Muntz metal is hardened by quenching, and the explanation of 
* Pat. No. 6826. 
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this is readily seen from its structure. With increasing tempera- 
tul ^3 the a constituent is dissolved by the liarder constituent 
until, at 720“, the alloy containing 60 per cent, of copper con- 
sists entirely of the ^ constiWient. If, now, the alloy is quenched 
from this temperature the separation of the a constituent is 
hindered, and the alloy will be found to be stronger, but less 
ductile than before. 

High brasses, suitable for cold rolling, ifsiially contain 
more than 60 per cent, of coppm-, and tlie best class of brass 
for tubes and wire drawing contains 70 per cent, of copfior and 
30 per cent, of zinc. From the results of mechanical tests it will 
be seen that this alloy possesses the maximum elongation of the 
series combined with a considerable degree of strength. 

Brass intended for rolling or drawing is cast in moulds of such 
shape that the work required on the alloy shall be reduced as far 
as possible. For plate or wire the moulds, which are made of 
iron, are from f to ^ of an inch thick, ‘H to 12 ins. wide, and 18 
to 28 ins. long. They are made in two pieces lield together by 
the simple device of a ring and wedge. For wire drawing the 
plates cast in these moulds are rolled to a certain oxtent^and then 
cut into strips, which are rolled into rods and linally drawn into 
wire. In any case, the mechanical treatment of brass in the cold 
must be iftterrupted by frequent annealing, or the results will be 
disastrous. Moreover, after each annealing -the brass has to be 
cleaned in acid to remove the surface deposit of oxide. As an 
instance of this. Sir William Anderson states that in the pro- 
duction of a brass cartridge case, measuring 16 ins. in length and 
tapering from 7 ins. diameter at the breech end to 6i ins. at the 
miiizlo end, made from a disc of brass 12| ins. in diameter by j ins. 
in thickness and weighing 28| lbs., no less than eight annealings 
and cleanings in acid are necessary during the stages of drawing. 
If an attempt is made to lessen the number of annealings the 
alloy in the finished product is in a state of molecular strain, 
and the effort of the metal to return to its natural state of 
equilibrium results, in the course of time, in the fracture of the 
metal. Instances of cartridge cases cracking in ^ this manner 
while in the arsenal stores caused considerable trouble until 
the cause was discove^’cd. This cracking, which may not take 
place until many months after the manufacture of the article, 
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is known as “ season ” cracking, and is very liable to occur in 
drawn tubes if the pinch has been too great and the annealmg 
insufficient. In an actual case under observation a -Mibe was 
noticed, three months after the (fete of manufacture, to be 
slightly elliptical in section. After six months the effect was ex- 
aggerated, and not until one year had elapsed did the tube actually 
crack. The cracks always occur longitudinally, and the average 
time of appearance is from six to twelve months after manufacture. 
Season cracking is also liable to occur in spun brass. 

The annealing of brass is carried out in reverberatory furnaces, 
which may be heated by solid or gaseous fuel ; but in either case 
the object aimed at in the construction and working of the furnace 
is to maintain a reducing atmosphere so as to cause a minimum 
of oxidation. The temperature of annealing is of great import- 
ance, and much light has been thrown on the subject by the work 
of Cliarpy. He experimented on brasses of varying composition, 
which were hammered and rolled until a maximum hardness 
was reached. Mechanical tests were made on these brasses in 
their hardened condition, and also after annealing at gradually^ 
increasing temperatures. The results show that up to a certain 
temperature annealing is without effect. Above this temperature 
(which is not absolutely fixed, but depends on the amount of 
hardening the alloy has undergone)- the effect of anilealing in- 
creases with the increase in temperature until a maximum is 
reached. Above this point there is a range of temperature at , 
which the properties of the brass remain unaltered, but beyond 
the upper limit of this range the alloy rapidly deteriorates and is 
said to be burnt. The figures obtained from the annealing of a 
brass containing 70 per cent, of copper and 30 per cent, of .zinc 
may be taken as an example (see p. 181). 

It will be seen that annealing below 280° has practically no 
effect. At 420°, <iowever, there is a very marked softening of 
the alloy, aftd the maximum cftect of annealing is reached at 600°. 
According to Charpy the alloy niade from pure copper and zinc 
can be annealed at a temperature of 900° without being burnt, 
but the same brass containing 0*16 per cent, of tin and 0*2 per 
cent, of lead is burnt at about 800°. The mechanical properties 
nf the series of alloys in a completely annealed condition con- 
taining from 0 to 50 pet cent, of zinc have been determined, and 
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the results of the tensile tests and elongations are plotted in the 
cuVves in fig. 55. Tests on the compressive strength of tlie alloys 
showed that this property varies inveisely as the elongation, and 
the results of shock tests sliowed that with alloys containing less 
than 43 per cent, of zinc the fragility was negligible , but beyond 
this limit the alloys rapidly became brittle, and tho.se containing 
more than 50 per cent, of zinc broke with tlie slightest shock. 
From these results Charpy concludes that as far as the mechanical 
pro})ertie8 of the brasses are concerned (lie alloys should not 
contain more than 45 per cent, of zinc, and that no useful purpose 
is served by having less tlian 30 per ci'iit. of zinc. 


Annealing IVmpeiuturo. 

Tensilo Stiengtli 
in tons per s(|. iii. 

0 

31-4 

200“ 

32 5 

280 

20 *5 

420 

21 6 

600 

21 6 

660 

lO-O 

600 

17'4 

650 

17-4 

730 

18-6 

780 

IS 2 

• 800 

18 2 

850 

-s 17-4 


The infiiience of prolonged annealing on brasses containing 
more than 65 per cent, of copper is of considerable interest. Tlie 
structure of these alloys in the cast state consists of crystallites 
reswibling those of bronze, but if the metal is annealed at about 
600° the structure gradually changes, the crystallites disappearing 
and giving place to a well defined crystalline structure resembling 
that of a pure metal. With prolonged anneafing these crystals 
increase in size ; and if a sample of commercial rolledT)rass, whose 
structure consists of small crystals, is annealed, the crystals will 
attain a considerable size ; but in this case the result of the 
mechanical treatment which the metal has Undergone is made 
evident by the appearance oi “ twin ” crystals. The large crystals 
' are composed of a homogeneous solid solution, and are themselves 
structureless. 
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Brass is capable of withstanding very drastic treatment, and 
in addition to rolling, drawing, stamping, and spinning, it is 
capable of being extruded or forced through dies at tempera- 
tures somewhat below the molting^-point of the alloy. Great 
advances have been made within the last few years in the 
extrusion of brass, and complicated sections which it would be 
impossible to roll are now regularly manufactured by this 
process. 

Up to the pre.sent we have regarded brass as a simple alloy of 
copper and zinc ; but commercial brass invariably contains other 
metals, and, although they are only present in small quantities, 
their presence has an important influence upon the quality of the 
brass. It is therefore necessary to consider them in some 
' detail. Some of these metals are added intentionally in order to 
confer certain properties upon the alloy, and others occur as 
impurities. Those added intentionally are lead, tin, and iron, 
while lead, arsenic, antimony, and more rarely bismuth, are 
introduced unintentionally. 

Lead . — Brass is never entirely free from lead, as the zinc 
employed in its production invariably contains a small percentage 
of lead. High-grade brass, however, should never contain more 
than 0*10 per cent, of lead or its ductility will be impaired. In 
the case of brasses which are to be turned or machined lead is 
added intentionally, and the object of the addition is readily 
apparent when the structure of the brass is considered. Lead 
does not alloy with brass, but sepai^ates out in the form of 
globules and films between the crystals of the brass, a condition 
^ which necessarily weakens the metal, and is only permissible 
where strength is of secondary importance. The presence of 
2J or 3 per cent, of lead cannot be detected in a polished surface 
without the aid of a microscope ; but if the brass is broken the 
fracture is of a distinct grey colour, owing to the fact that the 
line of fracture passes through the lead. Now, it is well known 
that a pure brass is difficult to turn owing to the nature of the 
turnings, which are long and tenacious, and tend to obstruct the 
mechanism of automatic machines. A slow speed has to be 
employed, and frequently a burr is produced which is difficult fo 
remove. Brass containing lead, however, behaves very differently 
Owing to the fact that the lead is in a free state, the alloy is lead 
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tenacious, and the turnings break oft’ through the lines of 
weakness caused by the lead, so that chips are produced instead 
of long spiral turnings. Moreover the lead appears to act as 
a lubricant, with the resuPb that a much higluT speed can be 
employed, and a better finish given to the woik. 

The beneficial eflfect of lead in brasses intended for turning was 
known> long before the nature of its influence was understood. 
Percy states that it is usual to introduce a siuall quantity of 
lead (about 2 per cent.) into brass in order that the chips may 
leave the tool easily. He mentions that the lead should be 
added after the crucible has been withdrawn from the tire; but 
the usual method is to add the lead after the zino, and while the 
crucible is still in the fire, yet at as low a temperature as possible. 
In any case, the alloy is thoroughly stirred immediately before 
pouring. 

The alloy is rolled cold, on account of its liability to crack if 
rolled hot, and the amount of lead which can be added, without 
seriously affecting it as regards its capability of being rolled, is 
about 2 per ceut. The best alloy, and that which is most 
commonly used, contains about 60 per ceut. of copper, 38 per cent, 
of zinc, and 2 per cent, of lead. Throe samples of hard drawn 
sorew-rods quoted by Sperry gave the following mechanical testa: — 



I. 

II. 

III. 

Tensile strength per sq. in. 
Elongation on 8 ins. 

Reduction of area . , 

64,500 lbs. 

10 percent. 
68 „ 

62,400 lbs. 

13 per cent. : 
63 ,, 

64,000 lbs. 

26 per cent. 
63 


Tin should not be present, as it imparts hardness and strength 
to the alloy, properties which are not aimed at in a brass intended 
for turning. t . 

Tin . — This metal is often added to brass, aiwl the alloy Is 
known as “naval’’ brass. A small percentage of tin renders 
brass, and more especially low brasses of the Muntz metal type, 
less liable to corrosion by sea water when in contact with gun- 
metal. It is for this rdason that brasses containing tin are 
employed in naval construction. Naval brass contains appi'oxi- 
mately 62 per cent, of copper, 37 per cent, of zinc, and 1 per cent.^ 
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pf tin, while a softer alloy, suitable for tubes, etc., which has 
given good service, contains 78 per cent, of copper, 21 per cent, 
of zinc, and 1 per cent, of tin. 

The addition of 1 per cent, of tin to brass gives an increase in 
the hardness of the alloy, but does not seriously affect its 
mechanical properties. Beyond this limit, however, there is a 
rapid increase in brittleness and hardness ; and with more than 
2 per cent, the alloys lose their useful properties. 

Arsenic and Antimony . — Commercial copper usually contains 
these metals as impurities. Their presence has an important in- 
flueuce on the quality of the brass produced. Antimony appears 
to be more injurious than arsenic, and, even in small quantities, 
is capable of rendering brass unfit for rolling on account of 
cracking. 

Sperry found that as little as 0 ‘02 per cent, of antimony in an 
alloy of 60 per cent, copper and 40 per cent, zinc gave rise to 
incipient cracks during the necessary annealing and rolling. 

Bismuth also occurs, though more rarely, in some qualities of 
commercial copper, and hence finds its way into brass. Its effect 
is very similar to that of antimony, but, according to Sperry, it 
is less injurious. For example, he found that brass composed of 
60 per cent, copper and 40 per cent, zinc containing 0*02 per 
cent, of bismuth rolled almost as well as pure brass and 'was free 
from cracks. Sperry, therefore, gives this figure as the dividing 
line between good and bad brasses of this composition ; but he 
states that high brasses intended for cold rolling should not con- 
' tain more than 0*01 per cent, of bismuth. 

It is not difficult to understand the nature, of the behaviour of 
these impurities. Neither antimony nor bismuth is appreciably 
soluble in copper or in copper-zinc alloys. The result is that when 
the brass cools down and solidifies, the antimony and bismuth 
(either in the free stj^te or containing small quantities of copper), 
having much iower melting-points than the brass, remain liquid, 
and finally solidify between the crystals of the brass. Conse- 
quently, each grain or crystal of the brass is separated from its 
neighbour by a thin, brittle film, and when the brass is rolled these 
separating layers are incapable of withstanding the strain, and the 
alloy cracks. Arsenic, on the other hand, distinctly soluble in 
^copper, and is therefore less harmful. In fact, it has a hardening 
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effect upon the copper, and its presence is soiiKMiincs actually 
bf^eHcial, provided the limit of solubility is not e\t‘codcd. As a 
rule 0 5 per cent, is considered the maximum. 

Iron has been added to briftss from early times, but it is [irobable 
that its presence m old brasses was accidental At the prc.sent 
time, however, iron is deliberately added to brass in order to 
producp a stronger and harder alloy than ordinary bra.^s An 
alloy containing close on 3 per cent. f)f imn was siiggi'stcd by 
Keir iu 1779, and later the alloys known as steiTO metal and 
Aich’s metaP were introduced. 

Sterro metal contains 00 per cent of co|>))er, 38 per cent of 
zinc, and 1‘5 to '1 per cent, of iron, and Audi’s metal is piaetically 
the same, although variou'^ analyses show th.it the [ji'rccutage of 
iron varies within wide limits. 

One of the few reliable tests of these alloys is gi\en by Baioii 
Uosthorii, who tested a sample of sterro metal cont.miing n-VOl 
per cent, of copper, 42*30 per cent, of zinc, 0*83 pm- cent of tin, 
and 1‘77 per cent, of iron, with the following results : — 


Condition. 

Tcii.icity in Ills, per sip in. 



Cast . 

60,480 

* Forged 

76,160 

Cola drawn . 

S6,120 


The very variable percentages of iron found in these alloys wa? 
probably due to the imperfect methods of manufacture, the iron 
being added in the form of a copper-iron alloy which was m all 
projiability not properly alloyed. In 1883, however, Alexander 
Dick took out a patent^ for the manufacture of iron brass which 
he called Delta metal, and since that time these alloys have been 
largely used. • 

The essential features of Dick’s patent were — • 

(1) The introduction of the iron in the form of an alhty of iron 
and zinc, which could be obtained of reliable composition , and 
(2) the addition of a small percentage of phosphorus, which has 
the effect of preventing oxidation. 

' In addition to iron and phosphorus, however, commercial Delta 
^ Patented 1860, No 278. * No. 2484. 
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metals frequently contain manganese, aluminium, tin, and some- 
times lead, which accounts for the different compositions as shoWn 
by various published analyses of these alloys. 

The average composition is approximately copper 55 per cent., 
zinc 42 per cent., with 1 to 2 per cent, of iron and small quantities 
of manganese, aluminium, etc. 

Delta metal is stronger, harder, and tougher than brass. It is 
easily cast, and is capable of being rolled hot and drawn cold. In 
addition, it has a much greater power of resisting corrosion than 
ordinary brass, which enables it to be used for many purposes 
where brass is inadmissible. 

The table on p. 149 gives some results of tests made at Lloyd’s 
on samples of Delta metal. 

Delta metal was employed for the manufacture of the w(^m 
wheels in the hrst locomotives used on the Pilatus mountain 
railway and gave very satisfactory results, as reported in the 
Schweizerisches Gewerbehlitt of 8th June 1889. The castings, 
which were tested by Prof. Tetmayer, showed a tensile strength 
of 21 J to tons per sq. in., with an elongation of 30 to 40 per 
cent, on a length of 7 J ins. 

An iron brass under the name of Durana me^l is manufactured 
in Germany. It appears to closely resemble Delta metal in its 
properties, and is made in several qualities. Tests on a number 
of samples of this alloy gave results varying between 23 and 4? 
tons per sq. in. ultimate stress and 7J to 38 tons elastic limit, 
with elongations of 60 and 4J per cent, respectively on a length 
of four inches. 

The constitution of the iron brasses has not been sufficiently 
investigated, but when present in small amounts the iron enters 
into the alloy in the form of a solid solution and does not form 
definite chemical compounds. When more than about 2 per cent, 
of iron is present sf compound of iron and zinc is formed. 

The majority of the commercial brasses are considerably com- 
plicated owing to the presence of manganese and aluminium in 
addition to the iron, and there is an increasing tendency at the 
present time to use brasses of a complex nature in preference to 
those containing, in addition to the copper and zinc, a single 
metal such as iron, manganese, or aluminium. 

[Tablr 
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CnAPTKIl TX. 

COPPER ALLOYS SPECIAL BRONZES AND BRASSES 
Phosphor bi onze. 

The addition of phosplionis to bronz-o lias usually boon attrilaitod 
to Dr Kiiiizcl of Dresden, but it appears (liat Do Ibiolz and Dc 
Fontenay had carried out expeiniients on the intiodiiction of 
phosphorus into bronze as early as 1853. 

Phosphorus unites both with cojiper and tin, toiniin^^ the alloys 
known as phosphor cojyper and pJio^phor-tin (see Cha[) X ), which 
are used as the means of introducing the 'phosphorus into bronze. 

The action of phosphorus on copper or bronze is a double one. 
In the first place, as is well known, phosphorus has a powerful 
affinity for oxygen, and when it is added in the form of phosphoi'- 
5opper on phosphor-tm to the molten metal, its finst action is to 
reduce any oxides which may lie present The oxide of pfiosiihorus 
thus formed has an acid character and combines with a further 
quantity of metallic oxides forming phosphates, which pass into 
the slag. 

fhe bronze, which is now free from the dis.solved oxides which 
cause so much trouble, is more fluid, gives castings free from 
pinholes, and is superior in every way to ordinary bronze. 

If the quantity of phosphoius has been accuriiifxdy judged, 
none of it will pass into the bronze; and this accounts for the 
fact that many excellent bronzes sold as phosphor-bronzes have 
failed to .show the presence of phosphorus when submitted to 
chemical analysis. Their superiority over bronzes produced 
without the addition of*phosphorus is entirely due to liie removal 
of dissolved oxides. 
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The value of phosphorus as a deoxidisor is now fully appreciated, 
with the result that its importance as a constituent of bronze-hos 
been considerably underrated and misunderstood. It has frequently 
been stated that the only use of phosphorus is as a deoxidiser, 
and that when the quantity present is in excess of that necessary 
to destroy the oxides in the alloy the bronze is inferior in quality. 
This statement requires considerable modification, as in many 
cases an excess of phosphorus is purposely added, and is found 
to confer valuable properties upon the alloy. The mistake, 
however, has probably arisen from the fact that the bronzes 
containing phosphorus have very different properties to those of 
ordinary bronze, and are very frequently not adapted to the same 
purposes. 

The term phosphor-bronze is applied to many alloys, and to 
avoid confusion these may be grouped into three classes : — 

1. Bronzes of ordinary composition, in which phosphorus has 
been employed solely as a deoxidiser, not more than a trace being 
present in the bronze. 

2. Bronzes containing less thaii 9 per cent, of tin and only 
traces of phorphorus. These are frequently put on the market 
as “ Boiled or Malleable Phosphor- Bronze.’^ 

3. Bronzes containing more than 9 per cent, of tin and an 
excess of phosphorus (usually from 0*2 to 2 0 per cent.*), and sold 
as “Cast Phosphor-Bronze.’' Among this group may be placed 
the bronzes containing phosphorus and lead used as bearing 
metals. 

The bronzes in Class 1 call for no special remark, as they are 
merely ordinary bronzes free from oxides. , Those of Class 2 can 
be employed for all purposes for which copper and soft bronzes 
are used, such as boiler tubes, condenser tubes, pump rods, piston 
rods, boiler stays, firebox stays, bolts, nuts, etc. When -cold 
rolled these bronzfs show a breaking strain as high as 30 tons 
per sq. in. of even more, with an elastic limit of about 26 tons 
per sq. in. ; while the same bronzes, after annealing, give a 
breaking strain of 20 tons per sq. in. and an elastic limit of 
about 7 tons per sq. in. 

Rolled phosphor-bronze is also used for making boiling vats, - 
tanks, stills, and parts of machinery t^orking in liquids, on 
account of its superior resistance to corrosion. 
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At first sight it appears strange that these bronzes should resist 
corrosion better than ordinary bronzes, considering that they are of 
exactly the same composition ; but the resistance to coriosion is duo 
to the absence of oxide in tli^ metal ; for it must bo romembcred 
that such impurities have a very decided influence on the rate 
of corrosion. This subject will be considered at greater length 
in another chapter. 

Rolled phosphor-bronze does not suffer any, serious loss of 
strength at temperatures up to 300'" C., and it is frequently 
recommended for firebox plates and stays. 

The following table gives some results of tests made upon two 
well-known brands of rolled phosphor-bronze : — 


Sample. 

r ■ 

Condition. 

Bi caking Stiess. 
Tons per aq. in. 

Elastic Limit. 
Tons per sq. in. 

Elongation 
per cent, 
on 2 ins. 

1 

Unaimealed sheet 

28*3 

25*0 

18*6 

2 

»» >> 

33*8 

81*5 

17*0 

3 

Annealed sheet 

31*9 

31*7 

17 5 

4 

20*3 

7*8 

57 0 

5 

Sheathing plate 

30T 


18*7 

6 

Bolt 

28*8 

2^5 

26*6 

7 

Loco, firebox plate 

1 annealed 

20 0 


64*06 


Samples 1 to 4 are by the Phosphor-Bronze Company, and 
samples 5 to 7 are “ Melloid,’’ by Bull’s Metal and Melloid 
Company. 

Much depends, of course, on the extent of the rolling ; but by 
way of comparison it,may be taken that the breaking stress of 
copper varies from 13 tons per sq. in. in the annealed condition 
to about 18 tons per sq. in. when rolled. 

As regards the tensile strength of rolled phosphor-bronze at 
elevated temperatures, experiments carried gut on a “Melloid” 
bolt showed that the breaking stress fell from 28’8J tons per sq. 
in. at the normal temperature to 25*51 tons per sq. in. at 315°. 
On an annealed bolt of the same material the breaking stress fell 
from 19*22 tons per sq. in. at the normal temperature to 18*80 
tons per sq. in. at 214“; while a similar bar of copper, tested 
under the same condiHons, fell from 13*84 to 10*25 tons per sq. in. 

From what has been said of the constitution of the copper-tin 
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alloys it will be koou that the rolled phosphor bron/es which have 
been platjcd in (dass 2 are solid solutions, and exhibit a simple 
crystalline structure under the microscope. 

The phos[)hor-bron/es of Class diller considerably from 
those of (Jlass 2 and also from those of (dass 1. Their con- 
stitution IS somewhat complex, but of considerable interest. 
M. Cuillemin pointed out m a communication to the Commission 
des \b thodes d'J'lssai in 1894 that under the microscope phosphor- 
bronzes exhibit a structure resembling a fern leaf or fir branch, 
and that this structure is not easily confounded with an ordinary 
broii/e. It is doubtful, how-over, whether this can be regarded as 
the invariable structure of phosphor-bronzes, as sometimes the 
structure of ordinary bronze resembles it very closely. Cuillet 
states tliat the phosphorus appears to enter into the a solution 
{i.e the solution of tin in copper containing less than 9 per cent, 
of tin). If the alloys are examined under a high magnification it 
will be seen that this is not the case, but the reason of the 
mistake will also be apparent It has already been sliown that 
in bronzes containing more than 9 per cetit of tin a constituent 
h (SnCu^) separates out ou cooling, and that this constitutent is of 
a {lale bluish while colour. Now, if an access of phosphorus is 
present in sucli an alloy it separates out on cooling in the form of 
phosphide of copper, which has very nearly the samecolwir as the 
SnCu^ constituent, but slightly darker in shade. Moreover, these 
constituents occur side by side (in fact, they form a eutectoid) / 
and unless seen under a high magnification they appear as one 
constituent. On account of the similarity in colour it is extremely 
difficult to obtain a photograph, but by using a suitable screen it 
is possible. Photographs 14 and 15 show the forn-like structure 
referred to by Ouillemin, and photograph 16 shows the combina- 
tion of SiiCu, and phosphide existing partly as eutectoid. This 
trijile eutectoid of the series contains 81 ’0 per cent, copper, 14’2 
per cent tin, and 4 '8 per cent, .phosphorus, with a melting- 
point of 620’. The eutectoid of the two compounds is shown in 
photograph 18. 

Py moans of lieat-tinting, the different constituents can be readily 
distinguished ; the phosphide colouring a beautiful blue, while the 
SnCu^ is coloured yellow (photograph 17, akd frontispiecob 

The presence of free phosphide of copper in these bronzes 
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accounts for their properties, ditTering as they do from oniimiry 
bronze, and is sufhcient to explain Mieir great value for certain 
purposes. If, for example, a phosphor-bronze is snbjeetial to 
friction, it is obvious that the softer part of the alloy will be worn 
down, leaving the hard phosphide in relief. The alloy thus 
consists of intensely hard pailicles imbedded in a softer matrix, 
so that not only is the wearing surface largely decreased and the 
friction consequently reduced, but the rate of woaf is practically 
the rate of wear of the hard body, phosphide of copjier. Phosphor- 
bronze is therefore peculiarly adapted for the manufacture of 
the wearing parts of machinery, such as bearings and bushes, 
worms and worm wheels, slide faces, piston rings, etc., and has 
a much longer life than ordinary bronze. Moreover, as the hard 
particles of phosphide are set in a matrix or cement of a compara- 
tively plastic material, the alloys are not as brittle as might be 
expected, but are capable of withstanding considerable shocks, 
and will sutler distortion without breaking. 

The main feature, then, of |)hosph(»r-bronze is its remarkable 
hardness and resistance to wear, and it would a[)pear that for 
parts of machinery sulijcct to wear there is no alhiy to surpass it. 
The ellect of the addition of phosphorus to the copper-tm alloys 
is worthy of a little attention, (luillet has made a number of 
teats on h-ronzes, the results of which are embodied m the 
following table 


Conij>o<sitit)n. 

Tcnsit- Strength 

Kla-tie Lull it 
'i'ons per 
sq. 111 . 

Elongation 

Copjtpr 

Tin. 

Plio'ipliuru^’ 

Tnns jiur 8(j. in. 

on 4 iiiH 

DO'fCl 

9-03 

0 

1.9 -1! 

1 5-9 

2.3 

90-86 

8.92 

Ti <ico 

10-8 

' 7 2 

30 

89i8 

9-r;o 

0-47 

1 1 0 

5 9 

0 

89-07 

9-78 

0-91 

11 9 


4 

88-83 

9 18 

0 92 

11-0 

6'5 ' 

* ,1 5 

88-80 

9-32 

1-17 

11-9 

: X 

5-6 

2 5 


From these results it appears that the addition of phosphorus 
lowers the breaking stress (after a first increase due to the 
elimination of oxide.s) an?l also the elastic limit and the elongation. 
After an addition of 0’47 per cent., however, the decrease- is more 

13 
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gradual It tnunt bo notod that th(‘ alloy.s tosb^d by (J iiillot contain 
very a]){)rooiablc quantities of /inc, a nietiil wliicli should not- be 
present in the best phosplior-bronzc, 

Phosphor bron’zes (auilaining lead are used for bearings, d'hey 
will be considered iii the chapter dealing with antifriction metals ^ 
and it is only necessary to say here that the lead does not alloy 
with the bronze, but sejiarates in the form of minute globules 
throughout the metal; while the phosphide of copper sejiarates 
exactly as in the otber bronzes Hence a surface of the alloy 
contains a number of hard particles (phosphide) and also a 
number of soft partich's (lead), thus fuHilliiig, as will be seen 
later, the necessary conditions of a good bearing metal. 

The phosphor-bronzes most commonly employed contain (1) 
8 to 10 per cent, of tin and 0'5 to 0*7 per cent of phosphorus; 

(2) 10 to 12 per cent, of tin and ()'7 to 1 per cent, of pho.sphorus ; 

(3) 10 to 12 per cent, of tin and 1 to ph per cent, of phosphorus. 

The first of those is suitable for valves, pinions, pumps, pro* 

pellors, steam and boiler littmgs, etc. it is harder and wears 
better than gun-metal. The second alloy is considerably harder 
than the first, and is suitable for worms and worm wheels, valves, 
pump.s, cylinders, motor geiiting, (dc. The third is an excep- 
tionally hard alloy without being brittle, and is cajiable of with- 
standing the hardest wear. It is suitable for worms' and worm 
gearing, slide valves, bearings, and all cases in which the wear is 
excessive. For castings the Admiralty specify an alloy conlainmg 
copper 90‘0, tin 9'7, and phosphorus 0*3 per cent This is 
requited to give an ultimate tensile strength of 17 tons jKU’ sq. 
in., with an elongation of 15 per cent, on G ms., ami to with- 
stand bending over a 2-in bar until the two sides are [i.iiallol 
without any sign of cracking. 

The following table, giving the results of a large n umber of 
mechanical tests on commercial phos^phor-bronzes together with 
their chemi ail composition, is due to Mr Arnold Philip, the 
Admiralty chemist. It represents the most complete senes of 
tests yet published, and as it contliins a very laige amoinit of 
useful iiiroiuiatiou in a 'sinall space it is reproduced here in full, 
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Kesults of MEriiANrcAL AND Chemical Te^ts OF Phosphor-Bronze. 



IsOTE SatiNtactor} , uu'Ier bending nit.iM'' rh it the :53’iipl»^ ber^t with* \it ci^ckiti 
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Peii ciita^u 
Elongation on 
6 1118, 

Rlon^^ation on 
2 ins. 

Ultinnito Tensili' 
I St icn^lli in tons 
per s(j. in 


22 
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100-00 
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Most of these alloys nyiy be dosrribcd as true phosphor-bronzes y 
but there are many others that contain, at the most, traces of 
phosphorus, and it is })robable that at the present time very 
little bronze of any description is niade without the addition of 
a small ipiantity of phosphorus as a dcoxidiser. 

Manganese bronze. 

As in the cas'e, of phosphor-bronze, the term “ manganese-bronze” 
is applied to alloys of very variable composition. It may be 
stated at the outset, however, that in the great majority of cases 
the expression is somewhat misleading, as the alloys differ very 
slightly in composition from the ordinary brasses. It is only in 
rare cases that a copper-tin alloy containing manganese is met 
with. These usually contain from I to 3 per cent, of manganese, 
which is often accompanied by 4 or 5 per cent, of zinc and some 
lead, (luillct cites two cases of alloys employed for hydraulic 
machinery at high pressures having the following composition;— 




I 

II. 

Copper 


. 82-0 

83 -5 

Till . . 


. 8-0. 

8-0 

Zinc . . . . 


. 5’0 

50 

Lead . 


. 3'0 

3’0 

Manganese . 


' . 20 

0-f) 


Although such alloys are seldom used they are ndt without 
interest, and a passing reference may bo made to the influence 
of manganese on the copper-tin alloys Guillet has submitted a 
series of alloys, containing manganese in varying amounts, to 
mechanical tests, with the results shown in the table: — 


Copper. 

i!ompo3ition 

Tin. 

.Manganese. 

r 

Tensile 
Strengtl). 
Ton.s per 
sq. in. 

Elastic 
Limit 
Tons pe; 
sq. in. 

Elongafion 
per cent, 
on 4 ins. 

90*93 

^ 8*82 

0 

15*6 

5*9 

23 

90*12 

9**20 

Traces 

17*1 

5*7 

28 

87*64 

10*41 

1*67 

13*6 

6 4 

20 

89*88 

8‘Gl 

0 69 

10*4 

6 2 

7*5 

85*87 

8*76 

3*10 

7*5 

76 

0 


From these results it would appear that the'first effect of manganese 
(probably due to its influence as a dcoxidiser, mucli in the same way 
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as phosphorus) is to give a higher breaking stress and elongation. 
Wlien present to the extent of more than traces, liowcver, the alloy 
rapidly becomes brittle, unless zinc is present at tlie same time. 

The addition of manganest? to copper alloy.s was attempted by 
Stirling, Parkes, and others; bnt their eflbrts mot witli little 
success until, in 1876, Par.sons was granted a patent (No. 842) 
for the addition of manganese in the form of forro-manganeso to 
copper-tin or copper-zinc alloys These alloys wefe stronger than 
simple bronzes or brasses, but dilliculties were exjiorieneed in 
obtaining sound castings. These were overcome by the addition 
of aluminium, and a second patent was granted in 1888 (No. 
11512) to cover this improvement. It was then found that the 
addition of these metals to brass gave results so much superior 
to those with bronze that the copper-tin alloys wcu’c practically 
abandoned. Tlie name, however, was never dropjied, and, as 
already mentioned, the alloys to this day are invariably described 
as manganese-bronzes. Many of the best modern manganese 
bronzes differ but little from Par.sons early bronzes, as will be 
seen from the following analyses of two samples, one made in 
1893 and the other in 1913: — 



ParsoiiB lironze. 

Modern Bronze. 
1913 

Copper .... 

66 48 

61 '94 

Tin .... 

1-1.6 

r36 

lion 

1 '20 

1'16 

Aluminium . 

0-20 

0'36 

Manganese 

O'll 

0'47 

Zinc .... 

40-84 

41-66 


Putting aside the copper-tin alloys containing mangenese, the 
alloys sold commercially as manganese-bronzes may be divided 
into two clas.ses : — 

1. Alloys of copper and manganese containing tbout 4 to 6 
per cent, of manganese. 

2. Alloys of copper and zinc to which ferro manganese or cupro- 
manganese containing iron has been added. These alloys fre- 
quently contain aluminium and sometimes tin, but the principal 
constituents are copper and zinc. 

The alloys belonging to the first class have a somewhat limited 



a[)pli(‘ation, their principal feature boinp: their Htren<i;ih at hif^h 
temperaluroH. For thin rea.V)ii they have been veiy largely 
adopted, more especially on the ('ontinent, for firebox stays. 

The addition of manganese to (; 0 })()er does not materially harden 
tlie copj)er, hut raises the Umsde strength. The following 
figures are the results obtained by (juillet for small additions of 
inangaiH'se . — 


Cu. 

Mn. 

Tcri'^ilo Sln-ii^rtli, 

Elastic Liiiiit, 

per 

'PoiiH per bq. lu. 

Ti'iis per tjq. in 

iM lit. OH 4 ms, 

'ii; uf, 

2 "i 

11 0 

6 3 

1 47. 

!o 

■1 10 

lb 2 

7-3 

42 

113 ss 


17 4 

a-4 

33 7 


'flic complete series of copper manganese alloys has not re- 
ceived much attention, but the alloys used coinmorcially are 
solid solutions of manganese in cojifier. Photogiaph 20 shows 
a section of. a firebox slay containing l)G per cent, of co[)[)er and 
'I per cent, of mangan(\se With h'ss than 9 per cent, of man- 
giineso the alloys can bo rolled or drawn. 

The use of the,s(' alloys for firebox sta\^s will he considered 
in the eJiapter dealing with tlio bohavioiir of alloy's at high 
temperatures 

The alloys of the second class are tlioso most commonly 
met with under the nanu' of maiiganese-brouzos, although they 
would be more accurately described as manganese-bi’asses. From 
a tboorotical point of view they have heou little studied, but it 
is evident from tlio niimhcr of con-titiionls present that tjieir 
constitution must lio of a complex character. Many manganese- 
bronzes contain only traces of manganese, and some fail to show 
even traces on aiuJysis. In tliOvse the manganese has probably 
served its pih’pose purely as a deoxidiaer, but it has loft behind it 
the iron with which it was associated, and the iniliicuce of this 
metal must bo considered, as it occurs in by no means inappre- 
ciable quantities in nearly all those alloys. The addition of 
manganese alone (that is to say, without the simultaneous addition 
of iron) to the copper-zinc alloys has the ellect of increasing the 
tensile strength and the elastic limit with a decrease in the 
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olon^atioii. The alloys also hecoiiK^ hanli'r ami more brittle. 
As i’eL,Mr(ls their conslitution the maiii^aiiese enttos into .''olulion, 
with the result that the iiiieiostnieLuie is the sanu' as that of 
th<‘ copper /me alloys 'Diis* [irobabl^ accounts for the stati'ini'iit 
iiiacle by (bullet th.it the niiciosli uetiiro of niaiie.mese bi asses 
IS the same as that of e()ppei /me allots, but the comimueial 
varieties of these allovs invariably eoiitam iron, usually in very 
much larger (piantities than the maiipMuese, am> tluur st riieture 
IS very dilFerent from that ol lie' oidmary bia'^ses rhotopoa[)hs 
21 and 22 show the struetiire of a, foie;t'd maiieanesc' broii/e con 
taming 58‘(a percent cbp[)ei, dS { pet (cnt zinc, 1 (! pi'r cent, iron, 
and 0 02 per cent, manganese. .Manga, m'se bton/('s eontaming 
upwards of (10 per cent of copper an- suitable for foigiiig and 
rolling, while those containing less than (10 per cent of copper 
are used for castings ; and both of these varietit's are made in 
various ipialities according to the piir[)o^es for winch tlii'y aie 
reipiired Manganese-bion/i's suitable for forging or rolling, 
such as those m.anufactun'd by the Manganese llron/c and 
brass Company, have an ultimate stimieth ranging fiom 27 tons 
in the mild (juality to 38 (on.s m the high (piality, the elastic 
limit ranging fiom 10 to 20 tons, and (he elorigalion fiom 20 to 
15 per cent. If the metal is cold-rolled the ultimate strength 
can be obtained as high as '10 to 50 ions per sip in. 

bronzes of this description are used for studs, bolts and nuts, 
[)ump-rods, pins, keys, etc., and, in fact, for praelically all 
purposes for which yellow brass or .Muntz nudal are used It 
can also bo drawn into tubes which can be easily bent, either 
hot or cold, and are rnuch stronger than brass or eopjier tubes. 
On, this account, together with its freedom from corrosion, it is 
largely used for hydraulic tubes under heavy [iressiiro. 

In the form of plates and sheets it is of value in cases whore 
a metal is required to withstand corrosion, sucji as strainer plates, 
sheathing for yachts, pninp valves, etc. 

Cast manganese-bronze, like the rolled variety, is made in 
dilferent qualities according to requirements, and has an ultimate 
tensile strength of from 32 to 38 tons per sq. in., with an 
elastic limit varying from about 15 to 19 tons per sq. in., 
and an elongation of about 15 to 30 per cent, on 2 ins. 

It is exceedingly tough, and is used for parts of marine 
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engines, hydraulic rams, valves and cylinders, etc. Probably its 
most important application is in the manufacture of propellers 
and propeller blades. As compared with iron or steel propellers 
it has many advantages. It is lighter, and therefore the strains 
on the shafting, bearings, etc., are considerably reduced. Further, 
it is practically unaffected by sea water, so that the propeller 
blades retain their smooth surface. In the case of iron and steel 
the pitting due to the corrosion of the sea water causes a falling- 
off in the speed, and in time necessitates the renewal of the 
propeller. It has been stated that the substitution of a 
manganese-bronze propeller in place of an iron one increases the 
speed of a vessel by about half a knot for the same coal con- 
sumption. Moreover, the alloy is capable of being worked cold, 
and in several cases where the propeller blades have been injured 
by accidents they have been hammered into shape without any 
sign of breaking. 

A minor, but not altogether unimportant, consideration is the 
fact that a bronze propeller is always of value as a copper alloy. 
These advantages more than compensate for the extra initial cost 
of a rnanganeso-bronze propeller 

In the early days of manganese-bronze propellers erosion was a 
serious source of trouble, but it is clainuKi that the addition of 
about 2 per cent, of nickel to the alloy renders it imiiiune from 
this trouble. ' 

The addition of aluminium to manganese-bronze gives rise to a 
series of alloys possessing very remarkable ahd useful properties. 
Bronzes of this description were placed upon the market several 
years ago under the name of “Iminadiuin ” by the Manganese 
Bronze and Brass Company. They have an ultimate tensile 
strength of 38 tons per sq. in. in the case of forgings, and 42 tons 
per sq. in. in the case of rolled rods, with an elongation of from 20 
to 25 per cent., and are made of different qualities to suit require- 
ments. The^ structure of these alloys is very similar to that of 
ordinary manganese-bronze, but of somewhat finer and closer 
grain, the aluminium appearing to enter the alloy in the form of a 
solid solution. Photographs 23, 24, 25, and 26 show the structure 
of two samples of Immadium-bronze. The alloys work perfectly 
and take a very fine polish. They may be used for all purposes 
where strength and toughness are required, but their most valuable 
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property is the remarkable resistance to the action of corrosive 
liq\iids which they possess. On this account they have been 
largely used in the manufacture of rods, valves, and other parts 
of pumps iiaving to deal withiacid water. 

Aluminium- bronze. 

The term “aluminium-bronze” is applied to alloys of copper 
and aluminium containing from 2 to 10 per cent.* of aluminium. 
With more tlian 10 jx'r cent, the alloys rapidly become brittle, 
and beyond 11 per cent, they are valueless from an industrial 
point of view. 

The first aluminium bronze wAs made by Dr Percy, and its 
properties studied by Debray, but at that time aluminium was 
a rare and expensive metal, so tliat for many years the alloy, 
which was known as “aluminium gold,” was n'garded rather as a 
curiosity than a commercially useful alloy. With the introduction 
of electrical methods of reducing aluminium, however, aluminium 
bronze became a practical alloy, and was placc'd on the market 
by the Cowles Smelting Company, who manufactured alloys 
containing from Ij to 11 per cent, of aluminium, for which they 
claimed an ultimate tensile strength ranging from 9 tons per 
s(p in. in the IJ per cent, alloy to 50 tons per sq. in. in the 
11 percent, alloy. Since then the manufacture of aluminium has 
‘been much improved and the price lowerl^d , but it is still, 
sufficiently high to prevent the alloys being more extensively used. 

The properties of the copper- aluminium alloys have been 
studied by Gautier, Le Chatelier, and Guillet, and, more recently, 
by Carpenter and Edwards, who have confirmed and extended the 
wo^jk of Guillet. The equilibrium diagram of the series is shown 
in fig. 56, but, as already mentioned, we are only concerned with 
a small portion of the curve, viz. that of the alloys containing less 
than 11 per cent, of aluminium, as the other alloys (with the ex- 
ception of a few represented by a small part of the •curve at the 
other end, which will be considered later) are of no industrial 
importance. As regards the alloys lying between these two 
portions of the curve there is a definite compound corresponding 
to the formula CiiAlg, which forms a simple series of alloys with 
aluminium, having a eutectic containing 67 per cent, of aluminium. 
There is little doubt that a compouritl corresponding to the 
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Jor„M,la C,.,AI exist, and. possildy. corresponding to Cu,AI; 

but tl]C8e coiiijjoiinds do 
not form simple ulloyg 
witli copper. Tlicy^dve 
rise to a series of solid 
solutions of a complex 
find unstable cliaracter. 
Aluminium- bronzes 
be conveniently 
flivided info two groups, 
“(1) those contain- 
ing from 0 to 7-35 per 
cent, of aluminium ; 
<nid (2) those containing 
from 7-35 to 10 percent. 

Up to 7 35 per cent, the 
alloys consist of a single 
bomogeneous solid solu- 
tion and are extremely 
ductile (photographs 28 
to 31), whereas the 
alloys containing more 
than 7 ’35 per cent, con- 
tain a hard, dark-col-' 
oured constituent which 
IS accompanied by an 
lucrejisc in the tensile"" 
strength of the alloys 
and a decrease in duc- 
tility. The curves in 
figs 57, 68, and 59 are 
plotted from the results 
obtained by Carpenter 
and Edwards on sand 
castings, rolled bars, and ' 
cold-drawn bars respec- 
tively ; and are quite in 
. , 111 accordance with what 

^ vou I c e.vpocted from the microscopical appearance of the alloys. 
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Th(! hron/L'H bclonL'in”; to tho first [i^roiip [i.e. tliosc cunt.iimng 
le«M (.liaii 7 .''iT) per cent, of almniniuin) are very smiilar Ld liigli 
grade brass('s containing 70 per cent, of co[)per, araf ('an be (an- 
ployed formally pin po.ses m|placc of brass, d'lio alloys ('[ui be 
readily forged and rolled, and can be drawn cold. Unfortunately, 
their Idgli price is a serious drawl)ia(;k to tlu'ir more extendeil use, 
except in special c.ises; but the alloys containing 2 [X'l cent, of 
alnminiurn have bciui nsi'd in the nianul.id uro of tid>es and those 
containing 5 per cent, lor rod.^, etc., while, owing to their 



Flu. 57 T< nsilc 'I’obU on Sand C.iatiiigH. 

beautiful gold colour, they have been largely used for art castings 
and cheap jewellery. 

Many of the ddhcnlties mot with in brass, such as “season 
cracking,” are also common to alnminium-bion/.e , and it has been 
found that tubes which have received too great a {imeh in the 
drawing will fracture in the course of u few months ^n exactly the 
same way as brass tubes. Moreover, on annealing ulunniiium- 
bronze the crystals increase in size, just as in the case of brass. 
This growth of crystal is accompanied by a deciease in the 
ultimate strength of the alloy and a V4j!ry marked falliiig-ofl in 
the yield-point. The table on p. 209 gives the results obtained 
by Carpenter and Edwaids in the case of. four alloys 
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Alu- 

minium. 

Condition. 

Yield- 

point. 

Ultimate 

Stress, 

Elastic 

Ratio. 

Elonga- 
tion on 

2 in. 

Reduc- 
tion of 

Area. 

Per cent. 

0-10 

Polled — 

Untreated 

Tons per 
sq, in. 
6-9 

Tons per 
sq. in. 

14-50 

0-48 

Per cent, 

6.V5 

I’er cent. 

9071 


One hour at 600“ 0. 

6-0 

14-11 

0-35 

Co 0 

91-60 


,, 900“ C. 

Untreated 

5-8 

13-26 

0 44 

. 56 0 

87-66 

2-99 

11-6 

19-79 

0-59 

67 -Jf) 

86-11 


One hour at 600“ C. 

6-9 

18-64 

0-37 

66-00 

89-84 


,, 900“ 0. 

Untreated 

5-8 

19-76 

0-30 

82-5 

83 60 

6-76 

11-8 

28-40 

0-42 

74 2 

76-98 


One hour at 600" C. 

9-4 

27-20 

0-33 

77-0 

76-00 


„ 900* C. 

Untreated 

6-0 

23-66 

0-26 

86-0 

70-00 

7-36 

10*6 

29 68 

0-36 

72*5 

74-34 


One hour at 900* C. 

7-1 

23-89 

0-30 

92-0 

72-00 


In these experiments the, alloys were only heated for one hour; but 
a practical example of the oftects of continued heating has been 
recorded in the case of a locomotive belonging to the London and 
North-Western Railway Company, which was fitted with aluminium- 
bronze firebox stays. After being in use for two months, during 
which time the locomotive had run only 2400 miles, it had to be 
taken off the road on account of the number of fractured stays. 
This question of the mechanical properties of alloys at temperatures 
above the normal is an exceedingly interesting one, and is dealt 
wtth in more detail in another chapter. 

As regards the general heat treatment of these alloys their 
properties appear to be little affected, whether slowly cooled or 
quenched. In this respect they differ from the alloys of the 
second group, containing more than 7*35 per cent, of aluminium. 
The curves in figs. 60, 61, and 62 show the results obtained by 
Carpenter and Edwards on chill castings and on sand castings 
slowly cooled and quenched from 800* C. ^ 

The alloys belonging to the second group are composed of two 
constituents, the new component being a hard acicular mass, 
which was formerly supposed to be a eutectic (photograph 32) ; but 
when examined under high powers its structure can be easily distin- 
guished from that of a eutectii Photograph 33 shows the striated 
or acicular structure oT this constituent. It appears to be a 
solution of an unstable character, as i0 is profoundly altered by heat 

14 
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treatment. Under prolonged annealing it gradually loses ite 
structure and appears to reach a stable condition. Conse- 




quently, the alloys containing the constfituent are considerably 
altered by thermal treatment as shown in the curves. The 


Per 
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bronzes of this class are still ductile, and have been used for 
propellers, while Carpenter and Edwards claim that they are 
unsurpassed for the production of castings intended to withstand 
high pressure. 

Fig. 63 gives the curve representing the hardness of the scries 
of alloys containing aluminium up to 15 per cent,, jis determined 
by the Brinell test, and illustrates very plainly the rapid increase 
in hardness caused by the appearance of the hard constituent. 

Tons 



Fio. 62. — Tensil# Tests oa Sand Castings, quenched from 800* 0. in Water. 


Ae melting and casting of aluminium-bronze present no great 
difficulty, although both operations must be carried out with 
greater care than is necessary in the case of ^ordinary bronze or 
brass owing to the readiness with which the aluminium becomes 
oxidised. The alloys are melted in graphite crucibles under a 
layer of charcoal and with as little stirring as possible to prevent 
oxidation. Under these conditions very little alteration in com- 
position is noticeable on reraelting. The fact recorded by several 
observers that .copper abd aluminium unite with the production 
of intense heat is due, not so much to tho combination of copper 
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and aluminium, as to the combination of the oxygen contained in 
the copper with the aluminium. The heat evolved on alloySig 
deoxidised copper with aluminium is comparatively slight. 
Aluminium-bronze undergoes considerable contraction on cool- 



ing, and alloiTance must be made for this in casting the alloys, by 
providing large gates and a good bead of the molten metal. The 
casting should also be carried out at as low a temperature as 
possible. There is no doubt that the contraction or shrinkage of 
aluminium-bronze, together with its proneness to oxidation, have 
done much to hinder its adoption for many purposes for which it 
might be usefully employed. The large risers required to com- 
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pensate for the shrinkage necessitate the melting of an excess of 
m*etal and the production of largo quantities of scrap to be re- 
melted, thereby raising the cost of production. 

As regards the almost inAantaneous oxidation of the surface 
of the molten alloy when exposed to the air, and the difticulty of 
. keeping this oxide put of the castings, Sperry says : “ The greatest 
obstacle in the way of casting aluminium-bronze is its oxidation 
when melted. Whenever the surface of the iholten metal is 
exposed to the air, a film of oxide of aluminium forms on it. The 
more it is exposed, the greater the amount. This explains why 
such a large amount of dross forms when aluminium-bronze is 
being stirred. When allowed to remain ^t rest in a crucible, very 
little forms, as the surface of the metal is protected by the film 
already on it. It also shows why aluminium-bronze should 
always be poured with as little stirring as possible. Any agent, 
such as wet sand, which' tends to stir the metal up, produces 
dross and the accompanying dirty castings. The more quietly 
aluminium-bronze can be poured, the better the castings. The 
only method,” he adds, “by which it can be cast in a commercial 
manner is to prevent its being agitated while the pouring is 
taking place, either by stirring, too high a drop from the crucible 
to the mould, or by wet sand. The more quietly it can bo poured, 
the smaller the quantity of drossy Dross which forms in melting 
^ njay be skimmed off, but that which forms while the pouring is 
taking place enters the casting. The various skim gates, pouring 
from the bottom, etc., are all efficacious, as they serve to trap the 
dross and prevent its entrance into the casting.” 

In addition to the bmary alloys of copper and aluminium, alloys 
containing a small percentage of nickel have been placed on the 
market. The addition of nickel appears to give harder and 
stronger alloys, but there is very little available information as to 
their practical uses. 

Aluminiun^bronzes containing 1 to 2 per cent, of silicon have 
also been placed on the market under various trade names. The 
addition of silicon has the effect of increasing the tensile strength 
of the alloy, while the falling-off in the elongation appears to be 
very considerable. 
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Aluminiuin-brass. 

Aluminiiun-brasfl, as its name implies, is a brass containing a 
small quantity — not exceeding 4 pcfl* cent. — of aluminium. The 
alloys were placed on the market by the Cowles Electric Smelting 
Company, together with an alloy containing iron in addition to 
aluminium, which was known as Hercules metal. These alloys 
are still in use, and reference has already been made to manganese- 
brasses containing aluminium. 

The constitution of aluminium-brasses has been studied by 
Guillet, and his results are of considerable interest. Mis experi- 
ments have been carried out on the two im^iortant types of 
brass containing respectively 30 and 40 per cent, of zinc by 
adding increasing quantities of aluminium. He finds that the 
structure of the alloys is the same as that of the common 
brasses, the aluminium appearing to have the same effect as 
zinc, but to a greater degree. Thus an alloy containing 38 
per cent, of zinc and 2 per cent, of aluminium has the structure 
of a brass containing 45 per cent, of zinc; and this holds good 
with all the alloys, so that Guillet argues that in these alloys 
1 per cent, of aluminium is equivalent to per cent, of zinc. 

With more than 4 per cent, of aluminium the alloys are difficult 
to work. V 

Aluminium-brass gives excellent castings, and can be rolled 
and forged while hot. It is suitable for pumps, valves, pinions, 
etc., and also for propellers. Guillet states that the alloys have 
been used in France for the construction of submarines, but that 
they have not proved entirely satisfactory. 

The mechanical properties of several of the alloys have 
also been determined by Quillet, and his results are shown in 
the table (see p. 216). 

A number of alu'ininium-brasses, to some of which a small per- 
centage of iron has been added, are now on the market, and their 
properties are similar to those of the manganese brasses to which 
reference has already been made. The addition of iron is of 
interest, as it alters the structure and properties of the alloys to 
some extent. The iron unites with a portjion of the zino to form 
a definite compound which separates out as small particles or 
crystals, thus forming a nucleus around which the so-called 3 
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constituent solidifies. This structure, which is illustrated in 
pttotggraph 26 , confers upon the alloy the power of increased 
resistance to wear without materially allecting its strength or 
ductility. 


c 

Copper 

Jompo 

Zinc, 

■>i(ion. 

Alimniimin. 

Ti'iiflihi SiKMigth 
in txais per S(p in. 

KlahtiP Limit 
in tons per sq. in 

Elongation 
per cent 

70 0 

29 6 

0 0 

87 

3 6 

.^o 

69 '0 

29 9 

0 1 

12-0 

2-9 

59 

70 0 

28 -S 

0 9 

14 4 

4 2 

67 

70-5 

2i)-4 

3 1 

21-5 

8 5 

.50 

70-1 

24-7 

6 2 

32-2 

4 7 

11 

60 0 

10-0 

0 0 

20-2 

5 1 

47 

59 6 

40'1 

0 .3 

20-5 

6-2 

51 

59 9 

40-3 

0-8 

19 6 

6 0 

4.5 

59 0 

38 5 

2 9 

29 2 

7 5 

11 

60 4 

35-9 

47 

28-0 

i 

11-3 

2 


Mechanical Tests on Alloys, Rolled, Diiawn and Annealed. 


Composition. 







Tensile Strengl li 

KlusLic Limit 

E-longation 




in tons per uq. in. 

in tons per s(i. in. 

[ler cent 

Copper. 

« 

Zinc. 

Alutniniuin. 




61-4 

38 4 

07 


6-4 

45 

GO 3 

38 -2 

11 

24-2 

7-1 

38 

61-0 

377 

1-4 

23*3 

7-8 

43 

59 9 

37-9 

2-0 

24-8 

ITS 

17 

69 ‘8 

37-2 

2 7 

28-2 

11-2 

16 

660 

36 ’4 

3 9 

30*6 

11‘6 

13 


Vanadium-Bronze. 

Although vanjidium-bronze has made little progress in this 
country it appears to have met with greater success in America, 
where it is said to be largely used by the U.S. Government for 
naval construction, as well as by private founders. 

The effect of vanadium upon copper and its alloys appears to 
be^ like many other deoxidisers, twofold. In the first place, it 
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removes all oxides, thereby giving sounder castings and more 
homogeneous metal. A small addition of vanadium enables pifre 
copper to be cast with ease, and the ductility is rather increased 
than decreased. The possibility of ^making intricate castings of 
pure copper is of the greatest importance in the electrical industry, 
and vanadium is of great assistance in this respect, but it must 
be remembered that an excess of vanadium increases the electrical 
resistance of the copper to a serious extent. For other than 
electrical purposes, however, an excess of vanadium increases the 
strength of copper and copper alloys. Some results obtained on 
these alloys in America have been given by Norris. He states 
that tests on a 60/40 brass in which only a trace of vanadium 
remained showed an increase in tensile strength from 17 to 22 
tons per sq. in. and an increased elongation on 2 ins, from 28 
to 45 per cent. Tests on two samples of manganese-bronze are 
also given as follows ; — 


Composition. 


Manganese-Bronze. 

Manganese- 

Vamidium-Bronze. 

Copper 

58-81 

68-56 

Zinc 

88 08 

88 -54 

Aluminium .... 

1-22 

1-48 

Manganese .... 

0*69 

0-48 

Iron 

0-84 

I’OO 

Vanadium .... 

nil 

0-03 

Tests, 

Ultimate tensile strength , 

24 2 tons 

36 ’4 tons 

Elastic limit .... 

13-6 „ 

22-0 „ 

Elongation on 2 ins. 

22 per cent. 

12 per cent. 

Reduction of area i.- 

18 

14 


An alloy similar to manganese-bronze but in which the man- 
ganese is replaced by vanadium is said to be largely used in 
■ marine work, and the following tests are given for the cast and 
cold tirawn metal : — 
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Cast. 

; 

Cold Drawn. 

|-inoh rod. 

fl-inch wire. 

Ultimate tensile strength 

31 •? tons ' 

41 ‘1 tons 

46 0 tons 

Elastic limit . 

12-1 ^ ,, 

36-7 ., 

30'4 ,, 

Elongation on 2 ins. 

32 per cent. 

116 per cent. 

12’0 per cent. 

Reduction of area . 

27-8 „ 

29-8 „ . 

33-8 


Experience in this country ia inautticient to enable any definite 
conclusion to be arrived at with regard to the merit of vanadium 
as compared with other metals eommonly used as additions to 
copper alloys. 
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CHAPTER X. 


GERMAN SILVER, AND MISCELLANEOUS COPPER 
ALLOYS. 

Gkhman silver probably exists under a greater number of names 
than any other alloy. Nickel silver, argcntaii, packfong, white 
copper, silveroid, silverite, Nf'vada silver, Potosi silver, Virginia 
silver, and electrum are some of the names which have been used 
to describe it in this country ; while on the Continent it is known 
as mdillechort (after Maillet, who introductd it into France in 
1719), alfniUe anjtroide, 7ieu-8ilvery And wem-lmpfer. The alloy 
consists of copper, nickel, and zinc, but the quantities vary 
considerably in different samples. Before dealing with the 
ternary alloy it may bo well to briefly consider the binary alloys 
of copper and nickel, as they have (to a limited extent) their own 
industrial applications. Unfortunately, very little work appears 
to have been done in connection with either series of alloys, and 
the information concerning them is incomplete and unsatisfactory. 

From the freezing-point curve of the oopper-nickcl series, as 
determined by Gautier, it would seem that a compound corre- 
sponding to the formula CuNi is formed, which is soluble in 
copper and nickel. The micro-structure of the alloys confirms 
the view that they' are solid solutions, but does not. indicate the 
existence of' a compound. The electrical conductivity of the 
series, however, shows a minimum in the alloy containing 40 per 
cent, of nickel, which is not far removed from the composition of 
the supposed compound ; but, on the other hand, the measure- 
ment of the electromotive force of the alloys fails to indicate 
the existence of a compound. 

Apart from the alloy containing 50 per cent, of nickel, which 
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is used in the manufacture of German silver, the alloys ^enc'rally 
use^ contain quantities of nickel not exceeding 25 per cent. 
These alloys, when cast, exhibit the characteristic structure of 
quickly-cooled solid solutions, l)ut, on anm'aling, the crystallites 
undergo gradual absm[)tion and are replaced by the regular 
crystalline structure of simple metals and homogeneous solid 
solutions. This change of structure with annealing has been 
considered in some detail in the case of the copper-zinc alloys 
• containing 30 per ctmt. of zinc. 

An alloy containing 25 per cent, of nickel has been largely 
used as a coinage alloy, but at the present time there apj)ears 
to be a tendency to substitute nickel coins for those of the alloy. 
A 25 per cent, alloy has also been used for locomotive firebox 
plates with satisfactory results; while an alloy containing only 
5 per cent, of nickel lias been adopted by the llritish Government 
for the driving bands of projectiles. Copper containing 3 per 
cent, of nicicel has also been found to give excellent results for 
locomotive boiler tubes. In this connection an instructive 
experiment was made by Mr Webb of the London and North* 
Western Railway Works at Crowe. A four-wheols-coupled 
passenger engine was fitted with 198 tubes by ten difleront 
makers and a record kept of the tubes requiring renewal. The 
first tube failed after the engine had run 34,067 miles, and the 
second tube (of the same make) after 40,612 miles. The first 
and only failure of the make which stood best did not occur until 
the engine ha(l run 123,896 miles. The failure of the tubes, 
which was due to wear from the inside by the corrosion of 
furnace gases and abrasion of cinders, invariably occurred at 
Ha point within 6 ins. of the firebox and at the bottom of 
the tube. Analyses of all the tubes showed that those giving 
the best service contained about 3 per cent, of nickel, and 
excellent results were obtained from those containing not less 
,than 0 5 per cent, of arsenic. The use of alloys# containing 
about 2 per cent, of nickel for firebox stays has already been 
mentioned. 

An alloy containing 60 per cent, of copper and 40 per cent, of 
nickel is known under Jhe name of constantan, and is used in 
the form of wire for electric resistances, and also in conjunction 
with a copper wire as a thermoelectric jimction suitable for the 
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measurement of temperatures which are not sufficiently high to 
necessitate the use of a platinum couple. 

During the last few years an alloy of nickel and copper to 
which the name Monel metal h^s been given has been very 
largely used in America. It is produced by the direct reduction 
of the nickel-copper matte obtained by smelting the mixed 
sulphide ores of these metals as they occur in Ontario. Naturally 
the compositkm varies within certain limits, and additions may 
also be made in order to alter the mechanical properties to suit 
requirements. The composition of the natural alloy is approxi- 
mately 6-7 per cent, nickel, 28 per cent, copper, 2 to 3 per cent, 
iron, together with small quantities of silicon, manganese, etc. 
A sample of rolled metal of this composition gave a tensile 
strength of 47 tons per sq. in., with an elastic limit of 34 tons, 
and 20 per cent, elongation on 2 ins. 

The alloy casts well if a suitable deo.xidiser such as aluminium 
or magnesium is used, and it is capable of being rolled into rods, 
sheets, etc., without difficulty. It resists corrosion remarkably 
well, and is being used in America for the manufacture of pro- 
pellers. The U.S. Government specification for the composition 
of the alloy for this purpose is : — 


Nickel 

. 60*0 per cent. 

Copper 

33 0 

Iron . 

. 8*5 

Alumininni . 

• 0'6 

Lead .... 

nil 


This gives a tensile strength of 37 tons, with an elastic limit of 
17 tons, and an elongation of 44 per cenik on the cast alloy, and 
39 tons tensile, 26 tons elastiq limit, and 40 per cent, elongation 
on the rolled metal. Other physical properties given for this 
alloy as cast are, specific gravity 8‘87, melting-point 1360*, hardness 
(scleroscope) 22, electrical conductivity 4 (taking copper as 100), 
and shrinkage J in per foot. Monel metal is said to have been, 
used in Germany for fireW plates, but information on this point 
is lacking. 

Owing to the remarkable resistance to corrosion shown by the 
nickel-copper alloys containing high percentages of nickel, attempts 
have naturally been made to adapt these alloys to various engineer- 
ing purposes. If, for example, part of the nickel in an alloy similar 
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tx) Monel metal is replaced by tin, the ductility of the alloy is 
lowered, but it possesses great resistance to corrosion, a low 
coefficient of friction, and is unaffected by inodorately high 
temperatures. It is therefore a valuable alloy for the con- 
struction of such parts as the seats and discs of high-pressure 
steam valves. An alloy for this purpose containing approximately 
64 per cent, of nickel, 33 per cent, of copper, and 13 per cent, 
of tin, known as Platnam metal, is due to the enterprise of Messrs 
J. Hopkinson & Company, who were the first to realise the 
importance of these alloys. 

The addition of zinc to the copper-nickel alloys Is not attended 
with the formation of compounds, and the resulting alloys (the 
German silvers) consist of a single homogeneous solid solution. 
Photograph 34 shows the structure of a rolled German silver. 
They may be regarded either as brasses containing nickel in 
solution, or as copper-nickel alloys containing zinc in solution. 
They are very ductile, and can be rolled, hammered, stamped, 
and drawn. At the same time they are hard, tough, not easily 
corroded, and, above all, possess the valuable property of being 
white. As in the case of most solid solutions, the alloys are 
softened by annealing. 

The following table gives the results of a number of analyses 
of German fivers (collected by Hiorns) with the names of the 
authorities : — 


, Autliority. 

Composition per cent. 

(popper 

Nickel. 

Cohalt. 

Zinc. 

Iron. 

Le.ul. 

• 

1. Fyle 

40'4 

31 '6 


25’4 

2-6 


2. Fncke 

50 0 

31-2 


18’8 



8. Guettier 

63-3 

26 6 


20 •! 



4. ,, . . 

51 6 

260 


^24 



5. Krupp . 

51-6 

26-8 


22 6 



6 

48*5 

24-8 


24 3 


2 9 

7. Hiorns . 

57 0 

24-3 


18-7 



8. Guettier 

59 0 

22-2 


18-5 


0 3 

9. ,, . . 

55-2 

21*4 


23 4 



10. Hiorns . 

59-1 

20-2 


20-1 

0-3 , 


11. . 

56 6 

20 -.3 


23-2 



12. Henry . 

^7-0 

. 19 3 


13-6 



13. Lonyet . 

63-3 

19-1 


17*4 


1 
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Analyses op German Silver — continued. 


Authority. 


Composition per cent 


— 

Copper. 

Nickel, 

Cobalt. 

Zinc. 

Iron. 

Lead. 

14. D’Arcet. 


50 *0 

187 


31 2 



16. Hiorns . 


58-0 

18*6 


23 ’5 



16. Smith . 


60-0 

18-8 

3‘4 

17'8 



17. Krupp . 


.58 -3 

19-4 


19’4 


2'9 

18. Hiorns . 


63 •! 

16 -2 


30 0 

0*67 


19 


5.5 -6 

167 


287 



20 


.56-8 

16-6 


27 ’2 

0*8 


21. Lonyet . 


62-4 

16 0 


22 i 

... 


22. Krupp . 


67-8 

14 3 


27 1 


08 

28. Hiorna . 


687 

]3'8 


26 '4 

10 


24. ,, . 


57-0 

13‘4 


27-6 

2-0 


25. Eisner . 


67-4 

13 0 


26-6 

3’0 


26. Hiorns . 


6.5 4 

11’6 


31-4 

[ 1*6 


27. Lonyet . 


62 6 

10-8 


26 ’6 



28. Rochet . 


59 •! 

97 


31*2 



29. Hiorns . 


66 ’0 

8*2 


25 '8 

6’6 


80. Krujip . 


63’0 

6-0 


31 ’0 




Tho same authority gives the composition of the various 
qualities of German silver made by the best makers in Birmingham, 
together with the trade names under which they are known 


Name, 

Composition per cent 

Copper. 

Nickel. 

Zinc. 

Extra white metal 


60 

80 

20 

"White metal 


54 

24 

22 

Arguzoid .... 


48i 

20i 

81 

Best Best .... 


60 

21 

29 

Firsts or best 


66 

16 

28 

Special firsts 


66 

17 

27 

Seconds . • i * 


62 

14 1 

24 

Thirds .... 


66 

12 

32 

Special thiAls 


56^ 

11 

' 32i 

Fourths .... 


55 

10 

85 

Fifths, for plated goods 


67 

7 

86 


The best of these alloys are somewhat costly ; and for most 
purposes the quantity of nickel does not exceed 20 per cent. 

As the result of a number of experiments on the relative 
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composition of (German silver, Hiorns concludes that, for alloys 
containing less than 16 per cent, of nickel tho quantity of /.inc 
should be 30 per cent, in order to give tho best results; while 
with alloys containing more than 16 per cent, of nickel the 
quantity of zinc should be loss* than 30 per cent. 

As regards tho impurities found in Gorman silver, those most 
often met with are iron, lead, and tin. Iron forms a solid solution 
with the alloy, with tho result that it increases, the strength, 
hardness, and elasticity of the alloy, and at tho same time makes 
it slightly whiter. It follows that for some purpo.ses tho addition 
of 1 or 2 per cent, of iron may be an advantage. Tin, on the 
other hand, does not enter into solid solution in the alloy, but 
forms a eutectic which renders the metal brittle and unfit for 
rolling. It also makes tho alloy decidedly yellow in colour when 
present even in small quantities. For ornamental castings, how- 
ever, an alloy containing 1 or 2 per cent, of tin is frequently 
used. Lead does not alloy with German silver, but sepaiates out 
as metallic lead, in tho same way as already de.scribed in the case 
of brass. This metal is therefore purposely added to tho extent 
of 2 or 3 per cent, when the metal is to be cast and subse- 
quently w'orked, but is not permissible in metal that is intended 
for rolling. The remarks which have been made with regard 
to lead in .brass apply equally to the case of German silver. 
Cobalt is occasionally found in small quantities, owing to its 
piBsence in the nickel, and has sometimes been purposely added ; 
but it is an expensive metal, and docs not appear to confer any 
properties upon the alloy to justify its presence. 

German silver is made by melting the metals in the usual way 
in graphite crucibles. The separate metals, however, are not 
melfed together ; but are used in the form of alloys of copper and 
nickel and copper and zinc. This method answers th’o double 
purpose of more readily producing a homogeneous alloy and 
lessening the oxidation of the zinc. Shortly beforo^pouring the 
metal a further small quantity of zinc may bo added, to com- 
pensate for volatilisation and ensure thorough deoxidation of the 
alloy. 

The metal is cast in iron moulds similar to those used in brass 
casting, but of difi’orentf sizes. For ingols which are intended to 
be rolled into sheets the moulds are from 16 to 18 ins. in length, 
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1 to Ij ins. thick, and from 4 to 5 ins. wide; while for ingots for 
wire drawing the sizes are from 4| to 5 ft. long, IJ ins. thick, 
and ins. wide. The method of casting is exactly the same as 
in the case of brass ; but the melting-point of German silver being 
higher than that of brass, the casting has to be performed rapidly, 
or the crucible has to be returned to the furnace to be reheated. 

From time to time various metals have been added to German 
silver for special purposes, and a great number of complex alloys 
have been patented ; but very few of them appear to have met 
with any success. There are, however, a few exceptions which 
may be mentioned. 

Platinoid is a German silver containing tungsten. It consists 
of 60 per cent, copper, 14 per cent, nickel, 24 per cent, zinc, and 
1 to 2 per cent, tungsten. This alloy possesses a low electrical 
conductivity, and has therefore been largely used in the manu- 
facture of electrical resistances. It should be pointed out, how- 
ever, that many samples of platinoid fail to show even traces of 
tungsten on analysis. 

German silvers containing silver were introduced long ago by 
Ruolz, and were used for making jewellery. Tlic composition of 
the alloys varied, but they contained from 20 to 30 per cent, of 
silver, 25 to 30 per cent, of nickel, and 35 to 50 per cent, of 
copper. Similar alloys, but containing less silver, have been used 
for the subsidiary coinage of Switzerland. The percentage com- 
position of these alloys was as follows : — 



20 Centimes. 

10 Centimes. 

6 Centimes. 

Silver . ... 

15 

10 

5' 

Copper . , , . 

Nickel .... 

50 

26 

55 

25 

60 ^ 

1 26 

Zino 

10 

10 

10 


Several perman silvers containing aluminium have been 
suggested, the aluminium acting as a deoxidiser. An alloy of this 
description containing 57 per cent, copper, 20 per cent, nickel, 
20 per cent, zinc, and 3 per cent, aluminium, is largely used for 
typewriter pa^t8^ Magnesium is sometimes used for the same 
purpose, and an alloy containing 75 to 90 per cent of copper, 10 
to 25 per cent, of nickel, and 1 to 2 per cent, of magnesium, is said 
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to be largely used in Germany. The high cost of these alloys, 
however, is a serious drawback. 

German silver can be readily soldered, the alloy used for this 
purpose being made more fusible than the German silver by 
having a larger proportion of zinc. The usual composition of 
German silver solder is : Copper 47 per cent., nickel 1 1 per cent., 
and zinc 42 per cent. 

Phosphor-copper. 

Copper and phosphorus combine very readily with the formation 
of a definite chemical compound corresponding to tlie formula 
CujP. It has a bluish-grey metallic 
lustre, is very hard, and brittle enough 
to be easily reduced to powder. It 
forms with copper a simple series of 
alloys with a eutectic containing 8*2 
per cent. Of copper and melting at 
704“ C. Commercial phosphor-copper 
occurs in two varieties — one containing 
1§ per cent of phosphorus, which is 
practically the compound CugP; and 
the other containing 10 per cent, of 
phosphorus,® consisting mainly of the 
eutectic. Both these phosphor-coppers 
are^iceedingly brittle ; this is a great 
advantage, as their chief use is that of a 
deoxidiser to be added to copper and copper alloys. A brittle sub- 
stance which can be broken into small lumps or pii^wdered, possesses 
obvious advantages when exact quantities have tol^e weighed out. 

Phosphor- copper is made either by passing the vapour of 
phosphorus into molten copper, or over heated copper, or, more 
readily, by adding phosphorus to molten ooppor. An ingenious 
device for effecting the combination is described by .Hiorns and 
illustrated in 6g. 64, Phosphorus is placed in the lower vessel A, 
and the molten copper is poured in through the upper vessel B. 
lAny phosphorus vapour which escapes combination in the lower 
vessel is caught as it pass^ through the molten metal in the 
upper vessel. 

The usual method of preparing phosphor-copper is by adding 
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Crucible. 


226 


ALLOYS. 


phosphorus to molten oopj)er. The cakes of yellow phosphorus 
are immersed in a solution of copper-sulphate until completely 
coated with copper. They are then dried carefully in sawdust, 
and plunged below the surface of the metal in the crucible by 
means of a pair of tongs. 

Cupro-silicoa 

The alloys of copper and silicon, like those of copper and 
phosphorus, are used mainly as deoxidisers in the manufacture of 
copper alloys. Commercial cupro-silicon is made in the electric 
furnace, and contains as much as 50 per cent, of silicon ; but the 
alloys most generally used do not contain more than 35 per cent. 
Those alloys are extremely brittle. 

According to Guillot the alloys containing les^than 7 per cent, 
of silicon consist of solid solutions ; but beyond this point there is 
a eutectic which melts at about 800". 

Copper containing a small quantity of silicon, not exceeding 
0*1 per cent., is much stronger than pure copper, and has been 
largely used for the manufacture of telegraph and telephone 
wires. For this purpose silicon is much better than phosphorus jis 
a hardening agent for copper, the conductivity of tine wire being 
considerably higher. The addition of phosphorus to copper is 
accompanied by a very marked increase in its electrical resistance. 

Copper containing a small percentage of silicon has also been 
successfully used as a material for firebox plates. 

Cupro-manganese. 

Reference hasj^ready been made to the alloys of copper and 
manganese in 'Connection with the manufacture of manganese- 
bronzes and brasses. The commercial alloys contain about ^0 per 
cent, of manganese and sometimes from 2 to 4 per cent, of iron, 
and they appear to be homogeneous solid solutions of manganese 
in copper. fThcy are principally used in the manufacture of the 
so-called manganese-bronzes, in which the manganese acts partly 
as a deoxidiser, while any excess of the metal is soluble in the 
bronze and imparts strength and hardness to it. 

Simple alloys of copper and manganese containing from 4 to 6 
per cent, of manganese are employed fo^ firebox stays ; but this 
appears to be the only .useful application of the alloys. 
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Copper-magnesium. 

Of laLo)earH the alloys of copper and nui^aiesinni iiavo been 
extensively used as deoxidisors in the melting of copper alloys, 
and more pA,i'ticuhirly Gernyin silver. ^Magnesium unites with 
oxygen with even greater avidity than aluminium, and any excess 
of the metal above that required to reduce the ox’ides in tlio alloy 
appears to form a solicLsolution witli the alloy, without injuring 
or materially aHecting its properties. 

The free/ing-point curve of the sericN, winch has boon deter- 
mined by M. Bijiidouard, is somewhat complex, and imlicates the 
existence of three dcfmito compounds, corresponding to the 
formuhe Cu.^Mg, CuMg, and CiiMg^. The curve, then, can be 
regarded as four curves representing respectively — 

1. The alloys formed between copper and the compound 

2. The alloys formed between the two compounds (JuoMg and 
CuMg. 

3. The alloys formed between the two compounds ('uMg and 
CuMgo. 

4. The alloys formed between the compound CiiMg,^ and 
'magnesium. 

The microscopical e.xamination of the alloys confirms the 
existence of the three compounds. As might be expected, almost 
the entire Series of alloys are extHmicly buttle. 

Copper oxygen. 

Copper possesses the somewhat uiiKpie property of forming a 
well-dolined series of alloys with its own oxido. The alloys are a 
simple senes, the euteidic, wliicb is shown m photograph 50, con- 
taining 3 45 per cent, of cuprous oxide (CU 2 O), eipiividont to 
0-39 per cent, of oxygen. This behaviour of copper towards its 
oxide is of considerable importance, and must be taken into account 
when considering the properties of the coppo* alloys. Owing to 
the fact that the oxide separates in the spherical afid not in the 
laminated form its influence on the mechanical properties of the 
metal is relatively small. Thus Hampe states that 0 45 per cent, 
of copper oxide (equivalent to 13 per cent, of eutectic) in pure 
copper does not afl'ect jts ductility, and only when 2-25 per cent, 
of oxide, or 65 per cent, of eutectic is exceeded, does the metal 
become short. 
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The infliienco of impurities otj the condition in which oxide 
exists ill copper is of considernble interest. Thus arsenic, which 
is present in nearly all commercial coppers and which forms a 
solid solution with copper, causes tlio copper oxide particles to 
aggregate or “ball up ’’until the eutectic structure disappears. 
This accounts for the fact tliat the eutectic structure is never 
detected in commercial coppers, oven though they contain con- 
siderable quantities of oxygen. Photograph 63, for example, 
shows the oxide in a firebox copper containing no less than 1 per 
cent, of oxide or the equivalent of 29 per cent, of eutectic. It 
contains, however, 0*4 per cent, of arsenic, and this is quite 
sufhoient to completely destroy the characteristic eutectic structure 
and cause the oxide to separate in massive form. The way in 
which the oxide particles of the eutectic coalesce is shown in 
photographs 51 and 52, which represent the eutectic mixture to 
which 0*08 per cent, of arsenic has been added. 

Oopper-arsenic. 

The alloys of copper and arsenic are of some importance on 
account of the fact that in this country firebox plates and stays 
are made almost exclusively of copper containing arsenic. The 
complete series of alloys have been investigated by Bengough and 
Hill, who have shown that under normal conditions 'of cooling 
copper forms a solid solution with arsenic up to about 3 per cent., 
while in the case of slow cooling or annealing the solubility is 
considerably less. It is evident, therefore, that only those alloys 
containing very small percentages of arsenic are of any practical 
value, and as a matter of fact the actual percentage in practice 
rarely exceeds 0*5 per cent. It must be remembered, howeyer, 
that the arsenic enters into solution not as metallic arsenic but as 
arsenide of copper (CugAs), and 1 *8 per cent, of arsenide (corre- 
sponding to 0*6 pep cent, of arsenic) has an appreciable effect in 
strengthening and stiffening the copper. 

In addition to those already mentioned, a number of copper 
alloys are now manufactured for use in the preparation of special 
bronzes and brasses. These include copper-vanadium, containing 
8 or 9 per cent, of vanadium ; copper-titanium, containing 10 per 
cent, of titanium ; copper-chromium, containing 10 per cent, of 
ohromium ; and coppor-iton, containing 50 per cent, of iron. 
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Muutr metal 
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i*lattiaui, for valve seating* 
Monel metal 






i Hydrauhc Test — 750 lbs, per sq. in. 



Typical. Specifications — ccmtinued. 
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GERMAN SILVER, COPPER ALLOYS. 
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CHAPTER XL 


WHITE METAL ALLOYS LEAD, TIN, AND ANTIMONY. 

The alloys of those metals are very laruoly employed in the 
industri.il world, and arc usually met with under the name of 
“ white-metal.” The term is applied indis* nminately to any of 
tl'.e alloys, whether composed of only two of the metals or all 
three together, hut, as each senes of alloys has its dislinct uses, 
it wdl simplify matters to di'al first with tlie three posbihle series 
of binary allojs — viz. lead-tin, lead-antimony, and tin-aiitimony 
—and then with the triple alloys. 

Alloys of Lead and Tin - -Tliesc metals do not form compounds 
or solid sedutions, but mix in all proportions, thus forming the 
sim[)lest series of binary alloys. T'he frci'zing point CKrve of the 
series has already been referred to, and it is only necessary to 

repeat that the eutectic contains 37 per cent, of h'ad, and nn^ts 

at 182 5“. On either side of this point the alloys consist of one or 
other of the metals surrounded by the eutectic. The percentage 
of tin in the cast alloys can be roughly estimated by the appear- 
ance of the surface. Those rich in lead possess the dull bluish 

colour characteristic of that metal ; while the alloys rich in tin 

have a white surface, which has a slight yellow superficial deposit 
of oxide of tin. T^le alloys containing more than 25 per cent, of 
lead will leav? a mark when drawn across paper. 

The alloys of lead and tin are used principally in the manu- 
facture of solders, toys and cheap jewellery, and pewter. 

Solders arc very variable in composition according to the quality 
of the metal to be soldered. These rich in tin are, of course, the 
most valuable, and the alloys arc known, according to the amount 
of tin they contain, as “.common,” “ medium,” and “ best.” 
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For soldering tin and alloys rich in tin a solder rich in tin iniist 
be Employed , while for lead and alloys rich in lead a solder rich 
in lead is used, l^robahly the alloy most commonly employed is 
that containing 66 per cent, of lead and 31 {ler cent, of tin, or 
two parts lead to one of tin. fdpial paits of lead nod tin give 
the alloy known as “ Plumbers’ Solder,” while 60 pin (■(ml. tin and 
40 per cent lead is known as “ 'rinsmiths’” or “Tiiinien's Solder.” 
For electrical wajrk an alloy containing 6;’) per ciiiit. of Im is 
largely used 

The best solders should be made from pure im'tals and not 
from scrap, as impuiitie^ even m mo. ill (pKintitu'S li.ive a pio- 
nounccd inlluonce on the (]uality ol the alloys Roth zinc and 
antimony have an injurious efVccI, although the latter is some 
times added as it improves the smrac(' appearance of the metal. 
Phosphorus, on the other hand, may be added in small ipiantitii's 
to elfect complete deo.\idatimi and render the solder more lliiid 

The suitability of the alloys of lead and tin for soldeimg is 
dependent on the fact that these metals do not form compounds 
or solid solutions, and, irt con.sequencc, almost the entire, scries oi 
alToys is conqiosed of a metal and a eut<s:;tic miKture at tempera 
tures lying between the melting-points of these tw'o tin' alloy is 
only jiartly solid, or in the p<isty condition which enables it to 
be easily applied in soldeimg. Thus, in the case of the alloy 
referred to above containing 66 jier cent, of lead, there is a 
ran^ of tenqierature of 60' during which the alloy is in a [lasty 
condition. The eutectic itself ind the allo\s in its immediate 
neighbourhood are not suitable for solders , but they solidify 
with an exceedingly bright surface, and have been used for 
making imitation jewels, sometimes known as Fahlum brilliants, 
for stage purposes The eutectic alloy is cast in moulds with 
facets resembling the cutting of diamonds. Alloys rich in leaf! 
are used for making toys, such as lead soldiers, etc. These, 
however, contain very little tin- seldom more ^lan 4 or 
5 per cent. 

The best known of the lead-tin alloys is that commonly known 
as pewter. This alloy is largely used, and its composition varies 
considerably. When intended for the manufacture of drinking- 
vessels it is essential that the alloy should be rich in tin. This is 
evident from the consideration of the constitution of these alloys, 
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for those containing moro than 37 per cent, of lead (that is to s^y, 
more lead than is sufficient to form the eutectic of the series) wdl 
contain free lead in a form readily corroded and dissolved by acid 
liquids. In order to avoid risk of lead-poisoning, therefore, 
pewter should contain at leAst 63 per cent, of tin, and in France 
the law prohibits the use of pewter containing more than 18 per 
cent, of lead for drinking- vessels. 

A large quantity of pewter is used in the arts. For this purpose , 
the composition may be altered to suit the rcfiuirements of the work. 
Copper in small quantities is a frequent constituent of pewter. It 
produces a haider alloy, but, if present in more than small quan- 
tities, has an injurious etlect upon the colour of the pewter. 

Lead and Antimony. — As in the case of the lead-tin alloys, these 
metals do not form compounds or solid solutions, but produce a 
simple series of alloys with a eutectic containing 13 per cent, of 
antimony and molting at 245°. On one side of this point the 
alloys consist of lead embedded in eutectic, and, on the other side, 
antimony embedded in eutectic. The useful alloys of lead and 
antimony are somewhat limited ; those ’consisting principally of 
lead with small amounts of antimony, introduced as a hardening 
agent, being the most useful. An alloy, however, containing 
67 per cent, of lead and 33 per cent, of antimony is occasionally met 
with, and is used in making the keys of wooden wind instruments. 
Antifriction metals consisting of lead and antimony are still some- 
times found, but these liave been superseded by the more effl6ient 
triple alloys. 

Lead containing antimony up to about 4 per cent, is largely 
used in the manufacture of the framewopk of accumulator plates, 
as the alloy is stronger than pure lead, less liable to buckle, and 
cheaper. Antimonial lead is also used in the manufacture of 
shot and bullets. 

With the addition of small quantities of other metals the alloys 
of lead and antimony are extensively used as type-metal. The 
essential requirements of a good type-metal are : (1) that it shall 
give good, sharp castings ; and (2) that it shall be sufficiently 
strong to withstand the necessary wear and pressure without 
losing its form. The first 'of these requirements is fulfilled by 
the alloys containing not more than To per cent, of antimony, 
which possess the property of expanding on cooling; but thoy' 
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Are not strong enough to stand hard wear. In order to increase 
the strength of those alloys a certain quantity of tin is added, 
which forms a hard compound corresponding to the fornmla SnSb . 
and this compound crystallising out in the soft alloy has the 
effect of considerably increasing the compressive strength of the 
mass, without otherwise altering the character of the alloy, 
The composition of type-metal varies considerably. An alloy 
containing lead 50, tin 25, and antimony 25 is said tK) give the 
best results for high-class work; but the price of such an alloy 
is^too high on account of the tin it contains, and a more usual 
composition is approximately lead GO, uiiitimony 30, and tin 10 
or even less. Plates for mnsie engraving of somewhat similar 
composition are used abroad, bub in this country the best 
music printing is done on pewter plates. 

Modern printing machines such as the monotype and linotype 
use an even cheaper alloy, in which the tin is often as low as 3 per 
cent, and the lead as high as 85 per cent. 

Alloys of load and antimony are frequently used in the con- 
struction of pumps reijuired for dealing with corrosive liquids, 
and^ as it is important to know tho strength of those alloys, 
Prof. Goodman has made a number of viu'v complete detenuiiia- 
tioiis. The alloys selected had the following compositions — 


Number. 

Antimony. 

Load. 

Tin. 

1 

10 

90 


2 ! 

18 

87 


8 

16 

85 


4 

15 

80 

6 


and the tests were carried out with tlio object of determining— 

(1) The tensile strength and elasticity.^ 

(2) The compressive strength and elasticity. 

(3) The crushing strength. 

(4) The bending strength. 

(5) The shearing strength. 

The results of these tests are given in the tables on p. 238. 

Tin and Antimony.— These metals give rise to an extremely 
interesting but considerably more complex series of .alloys than 
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0-92 
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! 
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D 

rC 

'A 


1 

2 
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those just considered. The freezing-point curve, as determined 
bj Koinders, indicates that the alloys containing antimony 
up to 10 per cent, consist of tin and a eutectic; but beyond 
10 per cent, the characteristic cubical crystals of the compound 
SnSb make their appearance, and when 50 per cent, is reached 
the alloy becomes homogeneous and consists entirely of this 
compound. With more than 50 per cent, of antim6ny neither a 
eutectic nor a new constituent makes its appcanwice ; but the 
. crystals gradually change their form and become more and more 
like those of antimony. Evidently, then, this is a case of a 
compound being isomorphous with a pure metal ; and this fact 
accounts for the abnormal freezing-point curve, which apparently 
fails to indicate the existence of a compound. Tin* conductivity 
of the alloys (as determined by Matthiesseu) and the electromotive 
force of solution (as determined by Laurie) also fail to indicate 
the existence of a compound for the same reason. 

The alloys of tin and antimony together with small (piantities 
of other metals constitute the class of alloys known under the 
name of Bdtannia metal. The following table shows the 
libmposition of a number of the.so alloys : — 


"Alluy. 

• 

Tin 

AiiU- 

liiniiy. 


Zinc 

Bis- 

niiitli 

r^curl 

otlif-r 

Mrluls. 

Biftanioa laekl (Kn;/.) i 

5 

1 





n M 

90 

6 

2 


2 



M 1 > 

90 

7 

8 





I. .• 

89 8 

7 

1-8 



1'8 


n u 

8.'. 5 

9 7 

1-H 

3-0 





79*" 

8*9 



S 0 

8 .9 


,, ( si 1 (•(!,) 

90 0 

7’''' 

1 5 





• , (cast) 

9n b 

9-2 

0 2 





Quct'ii’s iiK’lal 

.SSa 

7 1 

3 -.9 ' 

0 9 , 





88 9 

7-0 

3 9 


i 



Ashbeiiy niclal . 

80 

14 

i 

1 i 



2 

79 

19 

3 

! 



1 

llinofor 

08 

1 8 "2 

3*3 

10 

1 



Goi mull liicLal 

7z 

24 

4 





n • • 

84 

9 

2 

9 




»j • • 

20 

64 

10 

6 

i 




The pro.senco of copper m Lritannia metal produce,, a haider 
and less ductile alloy, and has an injurious eli'ect upon the colour 
df present in more than ^mall quantities? Zinc and iron also 
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increase the hardness and brittleness of the alloy, and are not 
desirable constituents. Le.ul, on the other hand, may bo added 
with advantage where a very fluid metal is rinjuirod for casting ; 
but the amount added should be small, if the colour of Britannia 
metal is to be retaim'd. 

In all these alloys the antimony luis the elToct of harden- 
ing the tin, so that it is more easily worked and takes a 
liner polish. The best castings are obtained from brass moulds 
previously heated and coated with lamp black. Britannia metal 
is extensively used in the manufacture of such articles as tea- and 
coflee-pots, mugs, etc., and also for taps. 

The triple alloys of lead, tin, and antimony are largely used 
as antifriction alloys, and will be considered under that heading. 


Lead, Tin, and Antimony Aldoys, 



Lead. 

Tin 

Aiili- 

mony. 

Copper. 

KliH'lioly{)e metiil . 

0 

TO 



Linotypp motil .... 

8,5-0 

3-0 

12 0 


83-0 

5-0 

12 0 


Steieutypc metal . 

82-5 

1-.5 

M'o 


.... 

82-0 

8-0 

12-0 


„ „ (olJ) . 

08-0 

14-0 

18-0 


.35 0 

60 0 

5-0 


MuDotypo metal . 

74 0 

8-0 

18-0 

... 

Type metal . ... 

1 77-5 

6 5 

18-0 


70 '0 

10 0 

18-0 

1 H 


C3-2 

12-0 

-24 0 

1 0-8 


00-5 

14-5 

I 24-2 

0-7 


80 -0 

10-0 

30-0 



.50-0 

25-0 

26-0 


Solder (for eleotiioal woik) 

6*0 

95-0 



,, (tin-smiths’) 

10-0 

60-0 



,, (ordinary) . 

,, (“ pliimbeis’ bealed”) , 

50-0 

60 '0 

50 0 

33 '3 






CHAPTER XII. 

ANTIFRICTION ALLOYS. 

In a perlectly adjusted and lubricated benriiiu^ tlicn* is a tbin 
layer uf oil between the jouinal and the beariii^^ so that the 
metals never come in contact, and the friction, as has b('en shown 
by Osborne Reynolds, and others, is merely that between a 
solid and a lujiud, and depends solely upon the natun' of the 
lubricant. It follows that the nature of the metal of which the 
bearing 18 composed is immateii.d; but such pm feet adjustment 
i^not attained in actual piactice, and the problem presents 
itself of finding a metal or alloy sutficiently plastic to mould 
itself to the shape of the shaft, thus automatically rectifying 
imperfeetion| of adjustment, and at the same time offering a 
minimum of friction. The use of lead was first suggested, 
according to Tliurston, by Hopkins; but this metal is too soft 
and easily deformed, and soon gave place to white-metal alloys. 
Apparently the manufacture of thcHe alloys was not entirely 
"satisfactory, for in 1852 Mr Nozo of the Compagnie des Chemms 
de fer du Nord stated that they could be used advantageously 
with'small load and medium speed but that for railroad vehicles 
they were not satisfactory. Since the publication of this state- 
ment antifriction metals have been greatly unproved, and they 
are now very largely used. Mr Salomon, the chie^ engineer of 
the Chemms de fer de I’Est, has stated that the statistics on 
that railway have shown a decided advantage in favour of white 
metal over bronze ; and Mr Chabal, the assistant engineer of the 
Paris, Lyon, Mediterran^e Railway records that white-metal 
bearings become heated* much less often than bronze, the wear 
also being lesa 
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Since the introduction of white-metal bearings an immense 
number of so-called antifriction metals have been placed upon tlje 
market (some of which are given in the tables on pp. 201-256), 
and it becomes a matter of importance to determine what are the 
essential characteristics of a good bearing metal and to what 
extent these antifriction metals possess those characteristics. 

In 1820 Rennie showed that the friction between two bodies 
under pri^ssure increases proportionately to the pressure until a 
certain point is reached, when the two surfaces begin to rub 
against one another, causing a sudden increase in the coefficient 
of friction and consequent heating of the bodies. The pressure 
required to produce this sudden increase in the friction is greater 
with hard metals than with soft, and, at the same time, the co- 
efFiciont of friction is smaller with hard metals than with soft ones. 

The first couclnsion we arrive at, then, is that <i bearing metal, 
should be as hard as possible. Rut this conclusion assumes a 
perfectly adjusted bearing in which contact between the shaft 
and the bearing is perfectly uniform -a condition which is rarely 
met with, especially in the case of a shaft supported by a number 
of bearings. If contact only takes place at a few points, ttm, 
result will be heating and cutting. The second requirement of 
a good bearing metal, therefore, is that it must be sufficiently 
plastic to adapt itself to any imperfections of adjustment. A 
combination of these two reijuirements, hardness and plasticity, 
can only be obtained by having a body consisting of small, .^ard 
particles embedded in a plastic matrix; and this result is most 
easily produced by alloying 'a soft metal, such as lead or tin, 
with one or more metals which form definite compounds capable 
of crystallising out in the cooling mass. This, in fact, is the 
structure of antifriction alloys ; but much depends, as will be' seen 
presently, on the size and number of the hard crystals 

For the sake of convenience, the bearing metals may be divided 
into five groups : — 

I. Alloys consisting essentially of tin, containing compounds of 
tin and antimony, and tin and copper. These form a very large- 
class. 

II. Alloys consisting essentially of lead, or lead and tin, con- 
taining 9 compound of tin and antiriiony. These alloys are 
largely used on accoupt of tbeir low price. 
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HI. Alloyd consisting esscntijilly of a solid solution of copper 
sold tin (or copper and zinc), and containing compounds of copper 
and tin, copper and phosphorus, etc 

IV. Alloa'S consisting essentially of a solid solution of coj^per 
and tin (sometimes containing zinc, nickel, etc ), and continuing 
free lead. These constitute an iinpoiiant class of bearing melals. 

V. Alloys other than those described above. 

Alloys of Group I.— In all the .dlo^s of im, cui'per, and anti- 



Fig. 65 .— Comprassive Strentrt* of the Alloys of Tin, Copper, and Antimony, 


mony in which the percentage of tin preponderates, only two 
definite compounds are formed, viz. a confound of tin and' 
antimony, which crystallises in well-defined cubes innd which is 
the same compound as that found in the binary alloys of tin and 
antimony. Its composition corresponds to the formula SiiSb, and, 
according to Charpy, it is less hard and less brittle than pure 
antimony. The*s)ther compound is that found in the binary 
alloys of copper and tin,*cry8falli8ing in hard needles, often forming 
stars, aud having a compositiqn corresponding to the formula 
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S 11 C 1 I 3 Both these compo'iiiids can be seen on a polished surface 
of the alloy, but etching with hydrochloric acid rentiers them, 
more apparent. Photograph 35 illustrates the ' structure of a 
typical bearing rnetul of this type. 

Charpy has examined twenty alloys of copper, tin, and antimony, 
and his results on the compressive strength of these alloys, which 
were earned out on test pieces 15 mm. in height and 10 stj. mm. 
sectional area, are given in the following table, and are also plotted 
,in the form of a triangular diagr.irn (fig, 05). I'he curved lines 
repiescnt the loads producing a compression of 0‘2 millimetre. 


Nniiihcr 

ot 

Alloy. 


Coiiipohition. 

Load correspond- 
ing to a C<mijiro8- 
sicn of 0'2 nun. 

Load correspond- 
ing to a Compres- 
sion ol 7 '5 mm, 

Tin. 

Copper. 

Antimony. 

1 

50 

50 


Liokc witlnait do- 
foi Illation. 


2 

06 

34 


2810 kgs. 

Bioke 

a 

76 

25 


2000 


4 

S3 

17 


1325 ,, 

2000 

5 

88 

12 


650 „ 

1550 

6 

76 

8 

17 

2075 „ 

Bloke. 

7 

88 

4 

8 

875 „ 

2258 

8 

60 

25 

25 

3760 ,, 

1 Broke. 

i) 

60 

17 

17 

2780 „ 

1 

10 

76 , 

12*5 

12-6 

1730 ,, 

1 , 

11 

83 

8-6 1 

8 5 

1200 „ 

I 2.650 

12 

88 

6 

6 

580 „ 

2550 

13 

76 

17 i 

8 

1780 „ 

2550 

14 

83 

11'5 1 

5 5 

1330 „ 

2750 

15 

88 

8 

4 

1000 ,, 

2475 

10 

50 


50 

2220 „ 

Broke. 

17 

66 


34 

1790 „ 


18 

75 


25 

1,600 

! 2600 

19 

83 


17 

1000 „ 

2650 

20 

^88 

.. 

12 

600 „ 

2160 V 


■ Alloys 1 , 2 , 3 , 8 , 9, and 16 broke at the beginning of the 

compression, and Nos, 4, 10, 13, and 18 developed internal cracks 
before a compression of 7‘5 mm. was reached. It follows that all 
these alloys are too hard, so that the line MN may be regarded 
as the limit of the useful alloys, and within this limit the alloy 
represented by No. 14 of the series has the greatest compressive 
strength. Alloys of approximately this composition are used by 
several railway companies for car bearings. Charpy states that 
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the l)e8t alloys of this gunip shouhl probably not diflbr from this 
composition by more than 3 or 4 per cent. 

The rnetliod of casting and tlie rate of cooling of these alloys 
are of the utmost impmtanc^ and this subject has been candidly 
studied by Belueim and Baucko. They have shown that the 
hardness of the matrix of the alloy varies with the rate of (sioling. 
fn a rapidly cooled bearing this portion of the alloy solidilies with 
a gri'ater peiceni ai’c of coppei .md antimony. a'\id its haidm'ss 
may reach 2, tin being I 7, while in a slowly cooled sample it 
may be as low as L6. 

The size and number of the tin aiitim ii\ ei vsials also dcjiends 
on the rate of cooling of the mass. In .Mlowly cooled samples the 
crystals measure as much as D’h mm., while in chilled samples the 
crystals are small and imperfeutly formed and can hardly be 
detected. Both these structures are met with in bearings which 
have become heated in service, whereas the structure of bearings 
which have proved satisfactory in service is intermediate between 
these two, the crystals being well formed and numerous, but not 
exceeding 0'2r) mrn. 

As regards the proper temperature for casting, Behrens and 
Baueke oast three experimental lieanngs one with a red-hot core, 
one witli a coie cooled by running water, and one with a core at 
100“ C. The first of these showed large tin-antimony crystals 
measuring 0 5 mm., and tin-copper crystals tneasiinng 0 2 mm.; 
the second showed the confused structure of a chilled casting ; and 
the third showed small tin-aiitimony crystals measuring 0 25 mm. 
The three bearmg.s were then suhmitted to a practical test in the 
following manner. Tlioy wore turned .so as to fit a polished steel 
mandrel 15 mm. in diameter, which was capable of being rotated 
at a speed of IGOO revolutions per mmuto. The hearings were 
arranged so that the pressure on the blocks could bo varied, 
and the rise in temperature was determined 'By means of therpio- 
meters fitted into holes in the blocks by soft amalgam The 
increase in temperature, after running for one minute with 
pressures up to 3 kilograms per sq. cm., was as follows; — 


0 -8 kg. 0-4 kg. 0'6kg. V2kg. 3 kg. 


Red-hot core , 

. 0 6.1 

1-60 

1-72 

' 2-62 

4 64 

Cold core 

. 0-50 

0-82 

1-12 

1-50 

3 80 

Core at, 100' C. 

. 0-64 

0 64 

(J74 

075 

1-64 
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At the end of the ox))ennient the chilled bearing showed irreg- 
ular grooves and scratches, and the slowly cooled bearing was also 
badly scratched and grooved. The bearing cast at 100* C. 
showed the tin-antnnony cubes partly rounded and the matrix 
surrounding them worn away, giving the impression that they 
might eventually bo loosened and removed from their places. 
Kvidently this actually occurs, for Behrens and Haucke submitted 
the oil from the bearings to a microscopical examination and 
found that it contained small spherical bodies like small drops 
of mercury, whereas the oil from bearings cooled too slowly or 
too quickly contained angular fragments. As the result of these 
observations Behrens and Baucko conclude that in a properly cast 
bearing the brittle rods of the tin-copper compound are crushed, 
and, acting as an abrasive, loosen and round the rectangular tin- 
antimony crystals, the result being that the bearing becomes 
practically a ball-bearing, wiili a rolling friction taking the place 
of a sliding friction. In a bearing which has been cooled too 
quickly tiie absence of the rectangular tin-antimony crystals 
prevents the formation of these spherical particles, and in a slowly 
cooled bearing the large crystals are broken instead of being' 
rounded. 

A study of the causes giving rise to heated bearings has shown 
that, in addition to the obvious cause of lack of proper bibrication, 
excessive heating is usually caused by: (1) defective crystal- 
lisation, due to the cooling taking place either too quickly or too 
slowly, usually the latter ; (2) the presence of dross or scum in 
the metal; and (3) segregation of the metals, duo to improper 
mixing or an attempt to alloy the metals in wrong proportions. 

Alloys of Group II— Before dealing with the triple alloys of 
this group it may be well to consiiler the simple alloys of lead and 
antimony, as they were formerly extensively used as antifriction 
alloys and their propeities have been carefully studied by 
Charpy. ‘ ^ 

It will be remembered that lead and antimony give rise to 
simple alloys without the formation of any chemical compound. 
The eutectic contains 87 per dent, of lead and 13 per cent, of 
antimony, and on eitlier side of the eutectic point the alloys con- 
sist of a single metal, lead in the one case and antimony in the 
other, surrounded by the eutectic. 
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Clhirpy has determined the compressive stieo^th of these alloySj 
nnd his determinations of the loads coi lesiiondmg to a perinaneut 
set of 0‘2 mm. and 7*5 mm in the case of pine lead, pure 
antimony, and seven alloy.s containing' ftom 10 to GO per cent, 
of antimony, arc given in tin? following table : — 


< 'om position of 
Alloy, 

l.nad corrr-.pdiub 
ingtoa Pfiinau* iil 

Load onrri spoi'd- 
111 '/ to '1 i VriiiaiionI 

Ri'niaiks. 

Sot of 0 2 mill. 

Sot ot 7 ') imii. 



Kilogi,iiiis. 

KllojriaillS. 


rnielc.ol. 

100 

.^Oo 


10% am iiiiony , 

(i.^.O 

1300 



O.'.o 

1 1.''.0 


•^0 

1 Too 


bioke.it 12f)0kgB. 

30 

! m 


1 , 1 b'O 

53 

' SOo 

1 

1 M MOO ,, 

60 ,, . 1 

or.o 1 

1 

1 175 M 

80 ,, . 1 
Pure aulimuny 

lOCO 

I 

1700 ,, 

llroki' at 1 1.50 kgs. 




without any ap- 




picriablo coni- 




pre.saioii 


It will be noticed that the compressive strength iiieroases with 
the incR'ise of antimony until the eutectic is reached. On 
passing this point, however, there is only a slight incrcaso in the 
ompressive strength, due, as ('harpy points out, to the fact that 
ttie antimony grains are isolated and merely traii'^mit the load to 
the eutectic in which they are embedded. Ihit when the antimony 
grains become sufficiently nmma'ous to come in contact with one 
another they bear a portion of the load and the alloy becomes' 
brittle, the brittleness incrtMsmg as the proportion of the plastic 
eutectic decreases. 

In the alloys composed of lead, tin, ami antimony the only 
compound formed is that of tin and antiimTny. This compound 
is the same as that which occurs in the tin-copper-antimony 
alloys, and it forms solid solutions with antimony. 

The results of compressive tests on ten of these alloys are shown 
in the following table, and the curves corresponding to loads of 
500, 750, 1000, and *1250 kihygnms are plotted in tlie triangular 
diagram (fig. 66). Alloys possessing a greater compressive* 
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strength than 1250 kilograms were brittle, and Non. 7, 8, and 9 of 
the Bcrics tested were badly e-racked. 

Tin 



Antiinoiiv iiiei eases the hardiu‘sH ol the alloys, and should iidT' 
exceed 18 jx'r cent, if the alloys are not to be brittle. 



■ 


' 

— 

1 


ConipoMtioii, 

Loud eorrohpondu i; 

[joud eorrospontlmg] 

No. of Alloy 

Loud. 

Tin. 

Antimony 

to a ('oinprt'ssKii' 
of 0’2 mm. 

to a Comprcs.sion 
of 7'5 niiM , 1 





Kilograms. 

KllugMlih 

1 


100 


300 

l(-60 

*2 

20 

80 


600 

1760 

3 

40 

60 


650 

1475 

4 

60 

40 


600 

1400 

6 

80 

20 


475 

1150 

6- 

10 

80 

10 

1100 

2700 

7 

20 

60 

20 1 

1350 

2200 

8 

40 

<0 

20 

1150 

1826 

9 

CO 

20 

20 

lo.-.o 

1700 

10 

80 

10 

10 

800 

1776 


Cliarpy states that the alloys of lead, tin, and antimony are 
similar to those of lead and antimony ; but, owing to the solubility 
of the compound SnSb m tlio antimony, the addition of tin 
diminishes the hardness and brittleness of the hard grains and 
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also incrcasBS the coinprcKHivo stren^^th of the outertie alloy For 
these reasons the alloys of lead, tin, and antimony are Mipenor to 
those of lead and antimony alone. Tiie tin must ho pn'sent to 
the extent of more than 10 per eent., hut imt n('(“(>siiril\ nmre 
than “JO per cent, and the .inkniony may \ais between 10 and 18 
per eent. 

The alloys of this j^roup fioijuenlly rl•^ults eijual if not 

superior to those oht.une<l with genuine l)a!)hitt metal, hut 
troubles are ocoaHionally eneountered , and m an intorosting papm 
iwl before the American Society of 'I'esting Mati'rials, [ivneh 
gives an account of a valuable research carried out in the work.s 
of the VVT'stingbouse Kleetru* and Manufaetuinu: t'ompany with 
the object of ascertaining the reason of tlie hmK (>f iimfcnint v in 
results occasionally shown by the lead alloys 

Mechanical tests, Brinell test.s, and a laigi' numbet of fiiction 
tests, both lu the laboratory and in si-rviee, wmt' made without 
throwing any light on the subject Finally, however, it was 
found that a hamim'r te.st ga\e the most lebablc indieatioiis of 
the behaviour of the alloys in •'crvica* A drop-hammer was 
^i^vised, and the test samples were pri'pared by (tasting the metal 
in a mould giving castings 1} uis. m dMineter and in. thick, 
which were then turned to 1 m in diameter and ^ in. thick. 
The tost sample was subjecUal to repeated blows under tlu* drop- 
hammer, measurements of the thickness being taken at frequent 
intojvals. The results showed tliat alloys of the same ('(imposition 
might prove either hard and hnttlo, soft and brittle, soft and 
plastic, or hard and tough according to the temperatures to which 
they had been heated and at which they had been poured. 
The conclusion drawn from the re.sults of a large niirnbor of testa 
wa8*that the lead alloys were far more susceptible to the influence 
of pouring temperature than the tin alhjys, and that the range of 
temperature necessary to give the best results was relatively 
small. For the particular alloy tested a temperature of 450' to 
470 * was found to give the best results 

Alloys of Group III. — Although these alloys are, strictly speak- 
ing, not antifriction alloys, they are largely used for bearings 
and other parts of machinery subject to frictional wear. Their 
constitution has already* been considered, and it is only necessary 
to repeat that in the case of the coppt'r tin alloys coutaimng more 
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than 9 per Cf'nt of tin tlio hard coiMj)f)imd SnCiig spparatos out 
whdc iti the ease; oi thu .iIIdvh fontainiii^ phosfthonm, a lairc 
coiiipouiid 0(aij, aPparati's out and forms a outnctic with tlu 
SnOii, ft iH ('vidriit. that th('^(' alloys possess much tlie same 
f(‘atuics as the other antifiictioii 'J1 o)h, vi7, partich's of a hard 
compound omheddtMl m a softei matrix. In tin* co{)per-tm alloys, 
however, tho mitrix is a solid solution of tm m copper and is 
very much haider than the tin and lead alloy, s, and it follows that 
the plasticity of the coppn alloys ),s voi V mfeiior to that of the 
true antifnct,i<»n alloys 

Cliaijy iriV''s the followin'^: results of eompie^sioii tests on some 
of the eoppiu tin alloys, toau'tlior with their analyses A com- 
pies'^ion of 7’h mm , as ni tli<‘ tests on tlm oilier alloys alieady 
puoled. w.is not |uae( leahle on account of ! he ^^oe.ii 'U' htidnessof 
tliealloy>, Imt isinipaialiye lesults ueie ohlaiiK'd hy iiieasiirino 
the compression ptodueed In a load of nDOU kilo'jrams 


Alt') 


Celiiiiesitioii. 




b,' id , (M Id- 
; 1' 'inline Lu u 

( Him ll '.UnM 

(.taiijin-uen 
[Hi'dias ij hy 
i beid el 


('ll 

Sil. 1‘!) j Sli 

r. 

y.v 

el 0 2 null 

70311 



“ ! 



Kit-., an 

_ 

.Mdliiin li- 

1 

, 8t> ' 

a 0.7 'Os 1) '7 

' n - 

nit, 

11CJ7 

1 a 7 

'2 

! S' .'.'i 

10 .rj 0 2.> oi:i 

1 U JJ3 

0 10 1 

JlOO 

.1 1 

;! 

' ss 7'» 

11 ‘JO 1 (1 n e .a 

0 !1 

' ri7 

1 .0 

.( J 

t 

S,'> 70 

I'ji:. iof.i 0 i‘i 

0 3Sf. 

! 0 8 1 

3ue0 


f, 


i:-! 11 lO ;5S 1 0 13 

0 la 

11 ri'i 

3100 

' J 1 

u 

S l '(O 

14 (lo ' 0 10 ; 0-10 

0 jir. 

, 0 ai) 

3i3'0 

1 7 

7 

S'e (),) 

10 1,S cot ' 0 ‘>1 

n-' i 


7000 

1 1 4 


Alloys of Group IV. Allots ul co[)per and tm conlaimug 
lelativclv Itij-e quantities of lead Ikim' n’ciuily hcMi l.tmely 
used as antifMiUion metals, and ate fieqmntly knoysn /i/'Lstic 
biiiiiKS the leal, ulin'li m ly leaeh as mmdi as .10 per cent, 
does not alloy vvAh tlie coppei, but separates out in the form 
of elohules, which ouuht, it tlie alloy is juopi-rly mixed and 
cast, to be nniioimly distiibnted thioughoul the ma''S of 
the alloy 'fhe constitution of these alloys dillers sornewliat 
from other antifiiction allovn for, instead of hard ])artiele> em- 
bedded m a solt matrix. y\e have soft panicles embidded in a 
couiparatively hard matnx 'J'he addition of h'ad iiiereasi's the 
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pla.sticity of 

the bron/c, 


m .'how 

n by 

( 'll 1 1 p\ 's 

l‘OI 

,pi t .'''im 

testii nim n 1 

clou 







j 


r.iiiii. 

, Cl 
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. . id I'd n‘ 

(' . 


N.cof 





n 

lldlll . .1 i 


m . d 1', 

Alta 





1 

""I 


1 od,.f 


(’u 

Sti 1-h 

SI. 

1’ /. 

" i ’ 

1 0 j nim. 

1 " 

" Ld 



~ ! 



1 

1 1 M . ' 1 '1 ' 11 

M, 

. . 

1 

S . 

1) t)U 1 1 

1-, 

n 

I . ' 

1 Ml 


1 - 

2 


'J 2 ■ ! 1 ' ' . 

2 '-f 

.. '1 .) 

C.n 

I On 


1 s 


s} fC 

OJO.^' ini 

0 1 1 

oil 0 

n. , 

"n n 



•1 

-■J 3c 

S US J 2, ' 

' __ 1 

0 14 

: 0 3s 0 

■"i 

2o)0 


2 1 

t 

In aUditmn to tin mdm n \ 

lead hi 1 

Ol/I ' 

there lie 

tim 

hi. 01,..^ 

containing p 

losphm m- an 

1 th 

..sc (.,)(ll 

1 1 1 1 1 n 

nick(d 

Th. 

iddr m: 

of [)ho 

^Jlhol us iiiiK (!m t s 

tin. 

hard c.i 

II poll n 

d t'u L, 0 

ind, 

litieoml, 

oomp.i 

ati\ c 

llta .... l...k 

inu. 

It . m 

po.l. 

lid., th it 

th.. 

|ir< 1 iic< 

of thm 

const it m 111 h.is an 

important inllm i 

('.. mi t he 

pi..] 

icrl 1. ol 


thn ])t()ii/(' 

^*-Vh()l()^M.ij)li ]'* sliiAvs a plidspltor hron/c contaniiii^^ I' hI, 

mictch( '] 'I’lic li.iid coiii|miiiii(L ^ni'ip and LCii, (an la dis 
tiia t]\ Hccn staiidiiiL' in H'lii'f, iait nio'.r of (lif h'ad li.i^ 
torn out in [)joi“rs’s ot j»ili''liiii'’ Lt'.iiia; pit'! \sliicl! apja n I'-i 
l)!,ick flots in tin plud" :i 'pli 

Tl«‘ addition of a small (piantm of nu'kid m -.iid to fiiil'lc 
a laiiror amount oi li ad to Ix' addi d to the laon/( niil 'iit 
oaiisin^ scLO ('LMt ion '] lirso l)ion/<'' aio non laipdy iis((l in 
America, and ( ontain as flinch a- .'10 pm (Uit of load ,ind I pm 
rent, of nickfd The pan jdavnl 1)\ ilic nickol has imt Icon 
fully* 'xplaitK'd 

In addition to tho allovs .ilr(“a<l'. <l(alt witli, thcio an' rnTtain 
alloys of Zinc, tin, ami aiitimoin. winch art* imt d for spomal 
purposes, and aKo alloya of h-ad. eojipor, amf anti^iony. which 
are occasional! v m(iplo\t d as antifriction rimtals Th* alloys of 
zinc, till, and antimony jio-scss a hi^h comprt shive Htimifzth. a^ 
shown by C'haipv’s iiiturcs povmi in the tabic (j) 2.o2), and tlmv aic 
employed for bearings of machinei}, such as rock brt akcis, 
uhcre stri'iiLOh m of mon- importiiiice than perfect antifnctional 
qualities 
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No. of 
Alluy. 

/illlC. 

CotnpuMli'in. 

" 1 

\iilimoiiy. Tin. 

Lo.'ul cririosp 'iid- 
iiig to a (juiiij)U‘s- 
iiion of 0'2 uMii, 

Load correFpoitd* 
ing to a Compres- 
sion of 7 "5 nun. 





Kilof^i.iiii-,. 


1 

100 



too 

4200 

2 

91! 

10 


24 .'10 

Broke at 5oOO 

3 

8(i 

20 


3000 

,, 4000 

4 

7(' 

;io 


4100 

,, 4700 

5 

9(1 

5 


1100 

3950 

() 

80 

10 

10 

1350 

4150 

7 

70 

10 

ir. 

1 1800 

5200 

8 

80 1 

f. 

ir. 

1 1120 

3550 

(1 

70 

7 r» 


122.'. 

3500 

10 

(10 

10 

,30 

1240 

.3 ".50 

11 

90 


10 

1 750 

3050 

12 

80 


20 

1 850 

272.5 

13 

70 


,30 

1 850 

2500 

14 

60 


40 

,575 

2175 


Ziiio uiul tin do not unite to form di'finito eompoimds, but 
zinc and antimony combine to form a hard compound, which 
(Hiaipy C'‘^<;rii»cs as an antmionidc ot /me 
The usefu. "s arc those iich m zinc, in which the hard 
compound is the ’ rst to solidify. 

The alloys of lead, copper, ami antimony have ('haractevisticS 
similar to the other antifi iction alloys The co])per unites with 
the antimony to form tiu' hard violet coloured compound ^l)(hi 2 , 
part of which crystallises m needles and the remainder enters 
into the composition of the eutectic. The allo\s should contain 
from ir» to 25 pt’r cent, of antimony anjl not more than 10 per 
cent, of cop[)or. The results of some compressive tests on these 
alloys are ^uven by way of comparison (p. 25.1).' 

Alloys of nluminium have from time to time been supgestixi 
for use as bearing metals, and it is said that the Northern liailway 
of France ii^ses an* alloy of 92 per cent, aluminium luid 8 per cent, 
copper for carriage and waggon bearings with excellent results. 
Hughes, however, states that experiments with this alloy carried 
out on the Lancashire and Yorkshire Hallway have not proved 
satisfactory, the metal proving hard and brittle, and considerable 
labour being involved in properly bedding the bearings to the 
journals. 
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f/o of 


Conipi'bition. 

lioad correspond 
in-' to a (’nil 1 pres 
sutii of 0 2 uiin. 

Load corrcsjunid 
lUiJ to /l('nll)J>rC8- 
91011 of 7 5 iniu 


1 

liCinl. Copper. 

Aiititnony 

1 

r.G'G 


33 4 

Kilogriinis. 

7(>0 

Kilngiama 

1250 

2 

Gli 8 

12-9 

20 5 

112(1 

1.325 

3 

G6 6 

23 2 

10-2 

.3.^0 j 

h:,o 

4 

80 

775 

]’25 

730 

’ 1.525 

f) 

eo 

13 9 

1 

200 

800 

G 

80 


20 1 

G40 

' 1400 

7 / 

00 

3-8 

•» 2 

UO 

’ 182.5 

H 

00 

o-y 

3-1 1 

190 

i 800 

0 

1 00 


10 

GIO 

1 1400 

10 

100 


L:.._ 

80 

550 


Ahiiniiiniin the extent of 5 pur ctMit is soiin-liniuK addud to 
the zinc ulloys and adds eonsiderahly to tln-ir liardncss 

As rej^nirds tiiu relative merits of white metal and bronze 
he^irings it is fre(|nently .stated tliat white metal is superior, and 
some writers have brought forward experiinental evidem’u to 
pTcJtfe their statements 

Charpy says that bronzes appear to be inferior to white metals 
on account of their lack of plasiieity and their tendency to 
cutting; and *11 conneetion with railway axle bearings the same 
opinion has been expri^ssed, as aln-ady mentioned, by Mr Salomon 
and Mr Chabal. On the other liand, Mr ('lamer states that 
railway engineeis only recogni.''e two alloys lis standard, viz. 
phosphor-bronze containing lead, and oidinary bronze containing 
lead. General coinpariswis are always dangerous and frequently 
misleading, and the truth of the matter would seem to be that 
white metals and bronzes each have their particular uses for 
which, they are best adapted. In cases where accuracy of 
adjustment is imjmsible, as in the ciise of a lon^^ shaft requiiing 
several bearings, or where variable forces come into .play with ^ 
tendency to irregular wear, as in the case of railway bearings, 
the plasticity of white metal is an invaluable property. Gn the 
other hand, where accuracy of adjustment is possible and the 
rotary motion reirular, plasticity is of secondary importance, and 
bronzes give results in practice which leave nothing to be desired. 
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Ar.r/)Ys OF Tin, Coppkk, and Antimony. 



( 'oinp(thilio(i 





Roft'rcnces and Remarks. 

Till 

rojipci. 

AiitiiiMny. 


W 

4 

8 

Thurston. Oidn.aiy healings. 

no 


8 

Tlinisiuii, Riissi in railioads for ear heaiings, 

88 8 

3 7 

7-4 

Thiirslon. Ka^nar^ell inctil 

8/ 

6 

7 

IJioiiiB. For !u an ly loaded bcai Digs 

8.'') 

5 

10 

Ijodehur. Jacoby metal. Admiialty lining 




m*'ta]. 

8f) 

7T 

7 f. 

(Jerman Navy. 

88 88 

5 ;')Jj 

n 11 

IJ'^ed for car bearings on French railioads. 

83 

8 

0 

Admiralty bn heaw load. 

88 

6 

11 

Li'dobiir. Uhcd by^ lb ihn railioads 

82 

4 

11 

Motor bi'aiings, liHirushiio and Yuik'liire 




Railway electiK.il rolling stock 

88 

u 

12 

Redobur U^ed by Orleans and tin' Western 




Austi lan lailioads. 

88 

8 

10 

Hearings lor valve lods and oceentiic collars. 

80 

10 

10 

Tliuistun Used by Swiss railioad-s. Also 




Laneasliiiejind Voiksliiie Railvvav forlooo. 
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78 0 

10 

11 If 

Thu 1 . Stoll IJ'Md by Rns'^ian lailroads 

78 1 

10 

12 
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shafts and coniu'cting-rods of motor buses. 

71 1 

f) 

24 

Thuiston standaid white metal Used for 




jiacking of valves and eceentiic Collais. ^ 

67 

22 

11 

Thuiston. Used by Great Western Railway. 

67 

11 

.22 

Used by French state railioads 


AivIoys of Lead, Tin, and Antimony. 


Coinpo.sition. 

References and Reiiuuks. 

Lead, 

Tin. 

Antimony, 

80 

12 

8 

Used by Eastern radroad (Fiance) foi iiudallic 
parking"' 

7C7 

.'i 9 

16-8 

Quoted by Thurston as being the composition of 
Magnolia and Tandem metals. 

76 

14 

10 

Used Ibr metallic jackings by the Orleans and 
Paris L M. railroads. 

73 

12 

16 

Used by Northern Co. (France) for metallic 
packing of piston -rods. 

73'5 

8 

IS-f) 

Campbell. American railways 

70 

20 

10 

Metallic jwickings of eccentric collars. French 
state railroads. 

70 

16 

15 

r^noashire and Yorkshire Ihiilway carnage and 
waggon bearings 

“Granhito” metal analysed by Dudley. 

68 

15 

17 

68 

21 

11 

Cainpoell. Aniericcn railways. 

60 

20 

20 

Ledebur Railroad healings 

42 

46 

12 

Hiorns. Hoyles metal 

42 

42 

16 

Ledebiff. Journal boxes French state railroads. 

87 

38 

26 

Thurston Italian railroad corapa|des. 
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liof) H'lil'C.s and KoniiirkH, 


1 ‘ ‘il ui'laiil ’’ pill I -[ill 1)1 hioijz/' 

I )i;ill» y'fl “ alloy 11 ” 

.'^hdo valves, LainMsluio and Yoi K.shinj Kail- 
way. 

Chill py. 

(Jhiirpy. 

Onlui.iry axle box boaiings, Lancadiiic and 
Yoikaliiio Hallway. 

(diarpy. 

Carbon bron/f* aiuily'-ol by Dudley. 

Cianoy broil /e ,, , ,, 

Daiiiar bioiizo ,, 

Ajax bronze ,, 

l‘lios[ihor-bron/,'' ,, 

lb mt'tal. Car bearings of the IVniisylvania 
railroaij. 


Plastic bronze u^ed on many railways for 
heavy bearings 
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MiHCKfJ.ANKous Alloys. 



Comjjosjtiori. 
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Zii 
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Cainolia metal anal} v d by Dudley. 
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Admiralty metal for work under water 
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\ Used on seve.ial railways. These alloys 
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1 aro harder than the simple lead alloys 
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1 bub will not stand i everstiFs of motion. 
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85 1 
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A1 5. Lumen bearing metal. 
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Al () Special ,, ,, 

76 

8 

1 
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Dainih'r motor-bus bearing bias.ses. 
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ALUMINIUM ALLOYS. 

With tlio iiitKjduction of olootncal inelhodsof rcduoiiij; uliiiniiiiuin, 
and tho cuii(jO(]uent production of tf»o metal in <]ii.'uititi<*8 and at 
a prico sutticioiitly low to bnn(.( it within the sphoro of pr.icUcal 
utility, attention \va^ dircetod to thu alloyB of aluminuiin with tho 
object of lindiiig light alloys which would bo stronger and more 
easily woikod than the pure metal These attomptn, however, 
have not rnot with \ery maiko<l success, and fow of tho light 
'^hiniinium alloys have proved of any industrial viiluo. The 
reason of this is to bo found in tho fact that aluminium unites 
with most of the common metals to form definite cheini<!al com- 
pounds whi(4i crystallise out in a matrix of practically pure 
aluminium, and we know that alloys with conglomerate structures 
of this description are only useful in special cases. Such com- 
pounds are formed with iron, copper, nickel, antimony, manganese, 
and tin. Zinc, on tho other hand, forms solid solutions with 
aluminium, and the alloys of these metals, either alone or more 
often with small additions of other metals such as copper or 
magnesium, are practically the only ones of industrial importance. 

Alloys of Aluminium and Zinc. Tho constitution of those 
alloys has been studied by Hoycoek and Nevi|lo, Shepliord, and 
more recently by Rosenhain and Archbutt, whoso j equilibrium 
digram for the complete series of alloys is reproduced in fig, 67. 
The microscopical examination of the alloys confirms the evidence 
of the equilibrium diagram that at one end of the series the alloys 
containing less than 40 per cent, of zinc are single homogeneous 
solid solutions, and they are therefore tho only ones of practical 
importance. Those containing up to 15 per cent, of zinc are soft 

W 17 
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enough to ho rolled or drawn, 



tho name of Zisiuiu. This alloy 


v'hile heyond this amount the 
alloys are hard and mere 
snitablo for castings, as 
they are easily worked. 

' It is only within recent 
years that the price of 
aluminium has enabled its 
alloys to be used on a large 
scale, but the importance 
of the alloys with zinc has 
long been recognised, and 
i for many years they have 
^ been employed in the con- 
a struction of scientific in- 
^ slrumonts whore lightness 
.2 IS a consideration. One qi 
a these alloys has been inauu- 
faetured for many years by 
Carl Zeiss of Jena, and is 
§ known under tho namc^ 
^ Ziskon. Cast in sand, it 
g has a specific gravity of 3 ’4 
and an ultifimte tensile 
strength of 11 tons per 
sq. in. and is largely* used 

1 for parts of scientilie iiLstru* 
« ments whore lightness and 

2 a considerable degree of 

Em o . 

strength are required. As 
regards its hardness' and 
the ease with which it can 
be worked it is somewhat 
similar to bronze. 

A soft alloy with pro- 
perties similar to that 6i , 
brass as regards working 
is also made by Zeiss of 
Jena, and is known under 
contains a very much smaller 
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percentage of zinc, together with small quantities of tin and 
O^ppt'i'. It is lighter than Ziskon, having a sju'c itic gravity of 
2’95, but has a tonstlo strength loss than half that of Ziskon, 



viz. 5 tons per sq in. Perfect scroa threjuls can he cut on 
the alloy, and it is used in parts of instruinents where a ceilain 
•ariount of diietihty rather than strength is desirable. 

The mechanical properties of the pure aliiiniiiium-ziiic alloys 
have been inveBtigatcd at some length by Ko.senhain and Aichbntt, 



and the results of their tensile tests are given in the accompanying 
curves. Fig. 68 gives ?he results of tensile tests on sand castings, 
apd fig. 69 the corresponding tests on chill castings Fig. 70 
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showH the eiirvoH representing tests on hot rolled leirs 1^ ins. in 
diameter of tli(( alloys containing u|) to 26 per cent, of zinc, and 
fig. 71 the results of tests on cold drawn bans } ins. in diameter. 

With more, than 25 percent, of zinc tlie alloys are extremely 
hard and dillieult to roll. It is, however, in the form of castings 
that these alloys are principally employed, and the motor industry 



accounts for a large proportion of the total output. Fori tins 
purpose the percon^tago of zinc seldom exceeds 20 per cent , and by 
far the largest quantity of castings made conUin about 10 per 
cent, of zinc. A small quantity — 2 or 3 per cent. — of copper is 
usually added, as it improves the working qualities of the metal. 
A common mixture fbr gear cases, etc., of motors contains approxi- 
mately 88 per cent, of aluminium, 10 per cent, of zinc, and 2 per 
cent, of copper, and has a tensile strength of 8 to 10 tons per 
sq. in. 
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The hIIoyh of ahiininiuni jiiid zinc cxlnbit the phoiionicnon, 
oonunon to most of the almmiunm iilldvs, of Altlmn^rh 

mucli loss nuirkwl than in many of tlie alloys, it is, however, 
noticeable tliat whereas a fresh easting is ilitlieiilt Ui niachine 
owing to the nioUl “dragtiiif^V’ tin* same casting aftm- the la|wo 
of a few weeks can be machined as I'asily as brass d'he ehango 



appears to be accompanied by a slight increase in the tonsilo 
strength of the metal, but there is no tendency towards disintegra 
tion as shown by many of* the alloys of alufinnium with other 
metals. 

MagnaliumA— -Alloys of alnminiiira and magnesium were 
prepared by Wohler as long ago as ld66, and by l^irkmson in 
1867. The latter observes that ‘‘none of the magiiohinrn-. 
aluminium alloys proAnse any practical service in tho arts." 

* Pan-ntf;d 1^98, No. 24^878, 
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Unfortunately, both these experiTnenters appear to have chosen 
alloys with lii^^h [KTcentaj^^es of both metals, and it was left 
to Dr Mach to discover that small percentaj^es of maj^mesium 
improve to a very marked degree the mechanical projierties 
of alomiiiiurn. Dr Mach experitiTbnted on alloys containing 
10 per cent, of magnesium ; but magnesium is an expensive 
metal, and, as a matter of fact, commercial magnalium contains 
very much loss than this amount. The cost of an alloy con- 
taining 10 per cent, of magnesium would be, for all ordinary 
purposes, prohibitive. 

Boudouard has determined the freezing-points of the aluminium- 
magnesium series, and his results indicate the existence of two 
compounds corresponding to the formulto AlMg and AlMg^. 
The existence of these coinjKmnds is confirmed by the micro- 
scopical examination, and they have also been isolated by chemical 
inoans; but it is interesting to note that the microscopical ex- 
amination reveals another compound corresponding to the formula 
Al^Mg, which has also been isolated by cliemical means, although 
its existence is not even suggested by the freezing-point curve. 
It may be that this is yet another exanifile of mutual solubility ‘or 
isomorphism of a compund with a metal. 

As regards the general properties of the alloys, those containing 
more than 16 per cent, of magnesium at one end Qf the series 
and those containing more than 16 per cent, of aluminium at the 
other, are all bnttle, the maximum brittleness being reached with 
the alloy containing 50 per cent, of each metal, which can be 
crushed between the fingers. 

It has already been stated that commerQial magiiahurn contains 
only a small percentage of magnesium, and, although a large 
number of alloys are manufactured and sold under the name of 
magnalium, few of these, if any, appear to contain more thp 2 
per cent. On the other hand, they all contain a variety of other 
metals, more ^especially copjier, tin, nickel, and lead. 

The importance of magnesium as a deoxidiser must not be over- 
looked, for it is even more readily oxidised than aluminium ; and 
its beneficial influence on aluminium is in no small degree due to 
its power of freeing that metal from dissolved oxide. 

The three magnalium alloys most commonly used in this 
country are described by the makers ais X, Y, and Z. Of these, 
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X is inteudod solely for ('.tstm'js wlicn* stn'Hirdi of i)nioarv 
iyiportniice , \ i'< iisnl for oiiiin.iry castin^^s . and / i.s intiMi(l(sl 
for rolling aiul drawiiii^. 

Ah rt'<far(i^ alloy X it lias hern stiifod hy Bainrtt (hat it 
contains 1 7h prr eent eo|>|i'*i, 1'1(» per enit nitdvi’l, I hO pel 
cent inauMiOsMim, and sniall <pian(Uies of antiinoiiy and iron. 
Phototiiuphs d() and .^7 nhow (lie iniciosl i iicture of (Ins alloy. 

Alloy Y iH .soiiirwhat similar in eompoM(mn, except that it 
contains no nn'kel, hut binall qn.iiit'ties of tin and lead 

Alloy / eontains d In per e('n( of (in, (h21 pei eriit. of (‘opper, 
0 72 per cent of lea<l, and 1 hH jier eent of mii^niesium 

The tensile ''(M'li^^th of ordinary eastings with allo\ Y vanes 
from 8^ to 10 tons per '^<l in , and that of rolleil Hainples of alloy 
Z vanes from I t to 21 t(ais per 8i| in 

The alloys uork \ndl, and extadlent seiew-tlireads can hi' cut. 
Tho specsl of workino is about the same as that of brass, aial the 
tools should ho luhiaratrd with turpentine, v.isrlme, or p(‘tn)leum. 
Alloy Z IS exceediui^dy duetile, and can he spun and diawn into 
the finest wires. For these oiierations vasi'lino or a mixture of 
Impart stearino and 4 paits turprnliiu' has boon found suitahlo. 
In drawing tubes or wire the alloy must ho annealed l>y heating 
and cooling suddenly Slow cooling pioduces haidening. 

For rolling, magnalium should he heated to a temperature 
of doO*, and the teinporaturo of the rolls kept at about 100“. 
Anr^ealing should take place after exery secoiid pass. 

With reference to the mllueiii'e of heat treatment on these alloys 
it is of some interest to note that although ipionching Iiiih the 
effect of softening them, tho softening is not permanent. It is 
followed by a giaduai hardening winch may continue for several 
hoifrs before tlie maximum hardness is reached. 

With regard to the casting of alloys X and Y, tlio metal 
shoilld be melti'd at as low a temperature as possilile (about 
660*) under a layer of charcoal, and the sen ft carefully removed 
before ixiuring In making tho mould the sand should not be 
rammed so closely as for brass castings, and it is recoin mciidc'd 
to mix the sand wuth a tenth part of meal in order to allow free 
escape of gases. The facing of the mould should be treated with 
blacklead, French cha^k, or petroleum and lycopodium powder 
X^^ctal moulds are also suitable, if plished with blacklead 
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MagnaJiiim contracts considerably on cooling (from 2 to 4 per 
cent.), and to insure good castings it is necessary to have a good 
head of metal and largo gates and runners. 

Magnalium can be soldered, but the operation is difficult on 
account of the high conductivity fa- heat of the alloy as well aa 
the dilliciilty of obtaining a surface free from a film of oxide. 

In a paper road before the American Society of Automobile 
Engineers, Mr Morris Machol recommends the use of magnalium 
for the cylinders and pistons of petrol motors. He claims that 
the alloy is sufficiently strong and has the additional advantages 
of light weight, low coefficient of friction, and high thermal con- 
ductivity which prevents over heating. 

Magnalium is very little affected by dilute acids, and can be 
employed with perfect safety for the manufacture of cooking 
utensils and all culinary appliances. 

It is evident that magnalium is eminently suitable for a great 
variety of purposes, and there is no doubt that its price alone 
prevents it being more widely used. 

Aluminium-Copper. —Alloys of aluminium and copper are used 
to some extent ; but only tliose containing small percentages *of 
copper are of any industrial value. Those alloys have been used 
in naval construction, particularly in France; and in 1894 a 
torpedo-boat wasl)uilt in this country by Messrs Yarrow and Co. 
for the French navy, in which the hull was composed of an alloy 
containing 94 per cent, of aluminium and 6 per cent, of copper. 
The excessive corrosion of this alloy by sea- water, however, has 
effectually prevented any further trials. In the automobile 
industry alloys containing 3 to 5 per cent, of copper are some- 
times used. 

With regard to the constitution of the alloys, the equilibrium 
diagram of the entire series has been given in fig. 56, and it is 
only necessary to eay that the addition of copper to aluminium 
gives rise to a haivl eutectic consisting of aluminium and the 
compound Al 2 tu, which freezes at a temperature slightly below 
550* and separates between the crystals of pure, or practically 
pure, aluminium. The compressive strength is therefore 
increased, and the alloys are more easily worked than pure 
aluminium. ’ 

The curves in figs 72, 73, and 74 are plotted from the results 
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Fio. 73. — Tensile Testa on Hara rolled down t<j 1 J in diameUr. 
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of tests by Carpenter and Edwards and show the mechanical 
properties of the alloys in the form of slind castings, rolled bar«, 
and cold-drawn bars respectively. From these results it is 
evident that there is no advantage in adding more than 4 per 
cent, of copper, as beyond this poinT*iherc is a decrease in ductility 



without any corresponding increase in tenacity. The alloys do 
not contract on cooling more than aluminium, and they appear to 
be practically unaffected by heat treatment below the melting-, 
point of the eutectic. Fig^. 75, 76, and 77 show the results of 
tests on chill castings and also on sand castings slowly cooled and. 
quenched from 450°. ‘ 

An alloy under the name of Partinium has been found On 
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unnecensary to coneider the constitution of the nickel-aluminium 
senes Ml detail, as only those alloys at the extreme end of t4ie 
series are of any practical value. These alloys contain less than 
5 per cent, of nickel, and consist of crystallites of a hriltlc com- ^ 
pound, coi responding to the foi mufa'’NiAljj, emhedded in piactically 
pure aluminiiiin. 

The ell'eet of nickel on aluminium is therefore very similar to 
that of coppc,!'. Occasionally nickel and co[)p('r are both added 
to aluminium, but it is doubtful whether any advantage is 
derivc'd from this procedure. 

The tendency at the presiuit time is to use com[)lex alloys 


Tons. 



containing small percentages of several metals rather than simple 
binary alloys. One of these complex alloys which law attracted a 
good deal of attention is known under the name of Duralumin, 
and is said to contain 3’5 to 5’5 per cent, of copper, U‘5 to 0‘8 
per 'cent, of manganese, and 0-5 per cent, of mugnesiun^ An 
actual analysis of a sample gave 4 06 per cent, copper, 0 53 per 
cent, rnsngaiieso, 0’86 per cent, magnesium, 0'40 per cent, silicon, 
and I’hS per cent. iron. 

The annealed alloy has a specific gravity of 2*79, and a tensile 
strength of over 16 tons per sq in , with 17 percent, elougatiomoa 
2 ms. In the form of thiu sheet obtained by cold rolling the tensile 
strength imohcs as much'as 34 tons per sq. in., with an elongation 
of 3 per cent In addition to the hardness imparted by cold 
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working, duralumin may also Ih’ haidmu'd by boat trrafmont.. 
If*the alloy is heated (o a lemperatiin! betuecn 110“ and 500* and 
(pionchod it remains soft, but subsequently hardens, as already 
mentioned in the case of the aluminium-mafrnesmm alloys The 
maximum hardness is reaehed*aftor the lapse of about foily ei^dit 
hours. By this means the alloy has been obtained with a tensile 
Strength of nearly 40 tons per sq. in. 

' The hardness obtaimal l>v heat treatment, ho\\ev(U', is to some 
extent removed at coinpaiatively low temperatures, and this must 
be taken into account in the practical afiplications of the alloy, 
For example, Lantabeiry states that a sample of sheet which liroke 
at 29'4 tons per sq in. was boiled in water for four hours and was 
" then observed to break under a loarl of 26‘1 tons. After annealing 
for half an hour at 260" this was further reduced to 22'9 tons. 

From what has been said of the ageing, oi slow change, taking 
place in alurnmium alloys it is evuhmt that this property is 
intimately connooted with the alnmininm itself, the metal with 
which it IS alloyed merely serving to retard or accentuate the 
change. For example, the alloys of alii minium with iron, nickel, 
"cobalt, manganese, etc , in winch thchc metals are present in 
relatively high percentages usu.illy fiorn 25 to 50 per ('cnt. ~ 
will, in the course of time, fiismtegrate and fall to pieces without 
the appIicatKVi of any external force. U is [irubably the same 
change which causes the hardening already noticed in the 
industwial alloys. 

The author has suggested that this alteration in properties is 
probably due to an allotropic change in the aluminium induced 
by the presence of impurities, and there a[>peais to bo some 
ground for this belief Cooling curves of aluminium to which 
smalf quantities of mc'tallic impurities have been added show a 
decided evolution of heat Uiwards the end of solidification which is 
not due to the solidification of a eutectic, is not proportional to 
the amount of impurity added, and occurs at a cousti^it tempera- 
:ture. Moreover, Turner and Murray have shown that aluminium 
expands'on solidification, a property which, although not necessarily 
proving an allotropic change, at least indicates a molecular 
•rearrangement. Whether it will ever be possible completely to 
control these changes remains to b^' seen, but the introduction of 
auch alloys as duralumin appears to be a stop in the right direction. 
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ClIAPTKIl XIV. 

SILVER AND GOLD ALLOYS. 

Silver Alloys. 

Trk alloyR of nilver with copper may alone he said to have any 
iniporlant niduBtrial applications. From time to time many 
other silver alloys have been suggested; hut none of tliem have 
taken the place of the well-known 8ilver-c<»pj»er alloys. The 
importance of these alloys may ho realised when it m remembered 
•thaj the average weight of standard silver articles, hall marked 
at the Assay (Jllices of Birmingham, Shcllield, and Chester alone, 
during the last five years amounts to 6,037,214 oz., or nearly 
225 tons ; and it has been estimated that the amount of standard 
silver melted annually in the United Kingdom is close on 700 
tons. 

The constitution of the silver-copper alloys has been tlimoughly 
investigated by Hoberts-Austen and lleycock and Neville, and 
the results of their researches are plotted in the freezing |x>int 
curve shown in fig. 7H* It will bo seen that the metiils form a 
simple seiies of alloys with a eutectic containing 71 '9 per cent, 
of silver and melting at 778". This is the alloy which Levol in 
1854 ^considered to be a definite compound on account of its 
remarkable homogeneity. 

The alloys of industrial importance are few in number, and 
contain. not less than 80 per cent, of silver. The following table 
shows the composition of the silver standards used for coin and 
for plate in different countries : — 

' * The extent of the line representing the eutectic ha.s not been accurately 
detennined, but it should be much longer than that shown in the diagram. 
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Sii.VBii .STANiunns. 





Coinage, 

Plate, 

Country. 













Denomination. 

Fineness. 

Finenesa 

A \i8tria- Hungary . 



6 crowns 

900 

950 



1 Clown 

835 

900 




Thaler 

883i 

800 

M t> 

Belgium . 




760 



li francs 

900 

900 



2 and 1 franc and 

835 

800 




50 eontinic'. 



Bolivia 



1 boliviano 

900 


Brazil . 



2 milreis 

916-6 


Bulguna 

Chill . 



21 lew . 

1 peso 

Clown 

835 

900 


Denmark 



800 

826 

Egypt . 



10 Plasties 

900 


France . 



5 fiancs 

900 

950 




( Ithers 

836 

850 

Germany 



Maiks 

900 

800 

Greece . 



5 drachmas 

900 


„ . . . 



Others 

835 


Great Britain 



All 

925 

925 

British Colonies— 





959 

Canada and Newfoundland 


50 cents 

926 


Austialasia 



Shilling, etc. 

925 


Hong Kong k Straits Settlements 

( 'ents 

800 


Holland 



Florin 

945 

934 

India (Buiiiia, Ceylon 





838 

and Mau- 


1 


ntius) 



Rupee 

•915-6 


Italy . 



5 liras 

' 900 

960 





QOO 

Japan . 





800 



Yen 

900 


Mexico . 



Peso 

902-7 


Norway 



Kioiior 

800 

828-1 



50 ouj 

600 


Pei u . . . 



Sol 

900 


Port ugal 



6 testooii'. 

916-6 

916-6 

833 

H 





800 

Roumania 



5 leys 

900 


Russia . . , 



Ruiihlc 

900 

947-9 



Kopecks 

600 

916-7 

Servia . 





875-0 



5 dinars 

900 


Spain . 



5 pesetas 

900 

oie-o 



2, 1, and li peseta 

835 

750 

Sweden . 



2 and 1 kroner 

800 

828-1 



50 ore 

600 


Switzerland . t 



5 frama 

900 

876 



2, 1, and i franc 

835 

800 

Turkey . 

United States 



20 piastres 

All 

900 

900 

900 
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It will be been that an alloy ceii- 
tajning 90 per cent, or 900 partis of 
silver per thouband is most generally 
adopted, while the Rritmh btnndard 
contains 92*5 per cent, or 92^ parts 
per thousand. It should he mentioned 
that the composition of silver and gold 
alloys is seldom eiiiressed in per 
centages, but in paits per thousand. 
Thus an alloy of “925 tine*' signifies 
an alloy containing 925 parts of Iiih* 
or pure silver per thousand. 

Sterling silver was first defined by 
a statute of Edward I., and must 
contain 11 oz. 2 dwt. of fine silver 
and 18 dwt. of copper to the pound. 
The word “btcrlmg” was apparently 
derived from the Easterlings, or work- 
men who came from Germany, and who 
• we^g the first to make and work the 
alloy in this country. Stow says in 
his Survey of London, pubfished in 
1603: “ Hut^ the money of I{ngl;»ud 
was called of the workers thereof, 
and ip the Easterling pence tnok their 
name of the Easterlings, which did 
first make this money in England in 
the reign of Henry II., {jiid thus I set 
it down according to ray reading in 
AutAluitie of money matters, omitting 
the imaginations of late writers, of 
whom some have said Easterling 
money to take that name of a starre 
stamped on the l>order or ring of the 
penie: •other some, of a bird called 
a stare or starling stamped on the 
circumference, and others (more un- 
likely) of being coined %t Stiruelin or 
Starling, a towne in Scotland.” 


ts 



18 


Fig. 7S. — Freezing- p...int Curie of er-cop|K?r Alloy; 
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The histoiy of tlhe^ coinage standard has been well described by 
lioberts-Austen, and wo cannot do better than quote his own 
words 

“Anglo-Saxon and Anglo-Norman coins are believed to have 
been of the ‘old standard’ 925/ and a coin of William the 
Conqueror which I assayed proved to bo 922’8. In England 
this old standard appears to have remained unchanged until the 
thirty-fourth year of King Henry VIII., when a great fall took place. 
A still deeper fall in the standard fineness ensued in 1515, and 
again in 1546, and* in the reign of Edward VI. It fell to its 
lowest point in the fouith year of the latter monarch, when the 
pound of silver contained only 3 oz. of fine silver and 9 oz. 
of base metal, that is, the standard, expressed decimally, was 
only 250. Strangely enough, this base coinage was projectial with 
a view to secure by the transaction the sum of <£160,000, to be 
devoted to the restoration of the standard generally, Half this 
sum ap{)car8 to have been actually obtained. As a step to the 
withdrawal of the base money, it was almost nnivcr<sa11y decried, 
that is, the coin which had been current at rates far above its 
intrinsic value, was officially reduced to a value nearly correspend-* 
ing with its standard of fineness. Dreadful distress was caused" 
to the people, and the saddest pictures are drawn of the financial 
condition of England at the time. In 1552 tlie ptaudard was 
restored to nearly its original richness, as coins containing 11 oz. 

1 dwt. of pure metal and 19 dwt. of base metal, or standard 921, 
were issued, and this alloy was maintained by Queen Mary. Queen 
Elizabeth further contributed to the restoration and maintenance of 
the standard fineness of the coin. A proolvmition, dated September 
27, 1560, stated that ‘her Majesty, who, since she came to the 
throne, never gained anything by the coinage, nor yet ever chined 
any manner of base monies, for this realm, had begun a coinage of 
fine money in the Tower of London.' Notwithstanding the 
Queen’s efforts tb restore the coinage in England, the coins 
circulated in Ireland were deplorably low, os the pound only 
contained 2 oz. 18 dwt. of fine silver, and 9 oz. 2 dwt. of 
copper (that is, the standard was only 241). 

“The restoration of the standard of the silver begun In the 
reign of King Edward VI. waS, however, completed by Queen 
Elizabeth, and it has not been since debased.” 
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The Htaniiarfl for plutt* w.im raised in to 11 07 -. 10 d\st., 
OR 950 tino, in onler lu provcnit llio mm'I* in;; cf 4-oi)h for conversion 
into plate; Imt the allot piovM loss dm d»lr and sci vicc.ihle than 
the old standard, to which a return was made in U)97 Hotli 
these Standards arc in exiaitfno at tin' present time, Imt the 
purer alloy, which IS known as liiii nmia standjird fnun tin* hall- 
mark represent in;; the “figure ot a woman commonlv called 
Britannia," 18 seldom used except for \ery fine wmk and eomplicaUHl 
designs, where its greater >of(ne^H is an a<lvaiita>;t‘. 

The assaying and iiall marking of standitrd silver is earned 
out at authorised “Assay OHieon" m Loiid(»n, Uirmiuoham, 
ShefTiold, Chester, Kdnihnrgli, (Ilasi;ovv, and Duhlm, and the 
marks usually found on silvi'r are a Lion 1’. is-, nit ludieating the 
standard of 925, the initials of the makci, the' \ear of assay ri-pre 
sented by a letter, and the hmaldie arms of (he [ilaee (.f assay. 
The heraldic arms of the different Assay Olliccs are aw follows: — 

London -tlie liead of a leopard. 

Birmingham — an anchor. 

Sheffield- a crown, 

Chester - a sword between three nirbs. 

Edinburgh— a eastlo, and the standanl represented by a thistle. 

Glasgow - a tree growing out of a mount, with a hell pendant 
on the sinister branch, and a br 1 on the lop branch, over the 
trunk of a tree a salmon in fesse, and in its mouth an aiimilet. 
The .4andard is also repre-ented by a t In -tie 

Dublin — the standard 925, and place repre.sented by a harp 

orowneil. 

Standard silver is harder than the pure metal, but is sufficiently 
malleable and ductile to be rolled into thin sheets and drawn 
into^fine wire. At the same time it is perfectly white, and takes 
a line polish These properties make it admirably suited to the 
purposes of coinage. Unlike most of the malleablo alloys, how- 
ever, it IS not a homogeneous solid solution, afld th^ is perhaps 
its greatest drawback, as it is practically impossible to obtain an 
ingot of uniform com{) 0 .sitioii owing to liquatkm. This has been 
a very serious difficulty in the production of the Standard Trial 
Plates against which the coinage of the country is ultimately 
lasted. As far back ^ 1781 Jars suggested the use of hot 
moulds for this purpse, and in 1873 lioberts-Austen ol^tuined a 
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fairly uniform mass by extremely slow cooling. Matthey, in 
1894, adopted the method of casting the alloy in the form of 
thin sheets, and attempts have also been made to cast the alloy 
at a temperature very slightly above its melting-point. Number- 
less experiments have lieen mrfdc^ from time to time, but 
none of them have proved entirely satisfactory; and the method 
finally adopted has been to cast an ingot considerably larger than 
required, which is rolled to the proper thickness and a number 
of assays made from different parts of the plate. A piece is 
then cut out of the plate where the lussays are practically uniform 
and of the correct standard. A lack of uniformity is found in 
all standard silver, although it is, of course, not of so much im- 
portance as in a trial plate. For example, a live-shilling piece, 
whoso diameter is almost the width of the fillet from which it is 
cut, is richer in the centre than at the edges ; while with smaller 
coins, such as a shilling, where two coins are cut in the width of 
a fillet, the edge corresponding to the centre of the fillet is richer 
in silver than the other edge which corresponds to the outside of 
the fillet. In the case of the strips sold for silversmith's work it 
has been stated that the average difference between the outride « 
and centre varies from *8 to 1 part per thousand ; and where the 
alloy is to be hall-marked the manufacturers usually add a small 
(ju.iiitity of silver to compensate for any irregularity^ in comfiosi- 
tion. d'he Ifsult of this is that at the annual examination at 
the Royal Mint of duplicate samples submitted by the Assay 
Offices and known as the “Diets,” the mean assies show results 
varying from 4 to 8 parts per thousaml above standard. 

Standard silver is melted in plumbi^go crucibles, which are 
nearly always heated in coke furnaces. The crucibles vary in size, 
but those used at the Mint hold about 4000 ounces of njotal. 
They will stand a large number of meltings, and are finally broken 
up and sold to the smelters. Experiments conducted al the 
Mint have ^hown'th it the average temperature of pouring is 
about 980*, and the temperature the silver “ blanks ” are annealed 
at is about 640*. -If insufficiently annealed, or annealed, at too 
high a temperature, the metal is liable to crack with mechanical 
treatment. 

In addition to standard silver, a smaK quantity of alloy 900 
fine, which is not hall-marked, is used in Birmingham for 
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jewellery ; and it is staled that alloys as low as 600 lino are em- 
ployed, but the quantity used must l)e very mu.iII. 

Id America sterling silver is manufactured on a large scale by 
mills making a speciality of rolling this alloy. The motliod of 
manufaeture ditlers in some reupecta from that op('nitiug lu ihis 
country. The alloy is melted in furnaces fired by oil, which has 
the adv.antage of being free from sulphur and producing no ash 
from which, in the event of accidents, the si her reipiiies to be 
separated. The furnaces consist of a cast-iiou shell lined with 
firebrick, witli a hole at the liottom through \fhich the jet enfors 
at a tangent, so that the flame does not impingt* directly npm 
the crucihle. The crucibles used are of graphite and hold alxmt 
1200 ounces, half of this being made up of line silver and shot 
copper in the calculated piojxirtioiis, niul the other half consisting 
of scrap. Under ordinary conditions the time rcipiired to melt this 
quantity is about foity minutes. Before jxHinng, the metal is 
deoxidised by adding metallic cadmium equal to B'o pei cent, of 
the weight of the alloy, which is pushed down under the metiil 
with tongs to prevent it rising to the surface and burning. 

'Blie ingot moulds arc of the ordinary pattern, consisting of two 
parts held together by a ring and wedge, and take an ingot 12 ins. 
long by 10 ins. i^ideand 1| in. thick. After c.asting, the ingot 
IS cooled in, water and the (op end is sheared of! It is now 
trimmed and planed to remove surface defects before rolling. 

Th» rolling takes place in three stages First, the plate is 
passed through the luc'aking-dowii rolls, in which iL recei\es lis 
heavy a pincli luj possible and its tliiukness is reduced to ^ in 
The plate is tlien aniiealtjd m a rnuflle furnace (also oil-fiied) and 
plunged, while still hot, into a pickling bath coiifammg 1 part 
of siAphunc acid to 16 parts of water, after which it is dried and 
examined for surface defects, which are removed with a hammer 
and cliiscl. After straightening, the plate is then passed through 
the running-down rolls until its tliickness is Aducc^ to No. 10 
B. and S. gauge, when it requires a second annealing and pickling. 
The sheet, which is now 10 or 12 ft in length, is again examined for 
surface defects, and is then passed to the finishing rolls ; on leaving 
the rolls it is again annealed, pickled, and dried in sawdust. 

Standard silver can Bfe readily soldered, and the alloys used foi 
the purpose are of some importunce. They consist of silver and 
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copper with an addition of zinc, usually introduced in the form of 
brass ; and where a very fusible solder is required, tin is sometimes 
added The composition of a few characteristic solders is given in 
the following table 


SifiVKH SOI/DEHS 


Composition. 

Remaikfi. 

Silver. 

Cop{)or. 

Xinc. 

Tin. 

80-0 

13 2 

6-8 


Ilftivi Milder used An stroiij,' joints. 

76-0 

20 0 

f> 0 


Mediuiii solder. 

70-0 

22 6 

7 5 


M 

C9‘4 

' 22 1 

8-6 



R0 7 

83 3 



' ,, for enamelled work 

(34 -6 

22 ’5 

1*3’0 


Oidinary solder foi plate work. 

C2'6 

30-0 

7 ‘6 


Common soldiM. 

6'2 5 

81*2 

'6 2 


Kiisy bolder for chains. 

62 

20 9 

16-6 


Quick-tunning solder, 

62 ‘C 

20 9 1 

10-4 

6 2 

66-9 

27 7 1 

11*5 

a-3 

Common quick sohicr. 


These solders possess the same characteristics as the lead-tin 
solders already referred to. There is a considerable range of 
temperature between the freezing-points of the constituents, with 
the result that the solder passes through a semi-solid or pasty 
stage during cooling. • 

No account of the silver alloys can be regarded as complete 
which does not make some reference to their use in the art of 
plating. The first commercial plating prc^cess, which was invented 
by Thomas Bolsover of Sheflield in 1742, developed into an 
important industry, and it wa.s not until a hundred years lator 
that “Sheffield Plato ” was superseded by electro-plate. ^ 

Mr E. A. Smith, the Deputy Assay Master of the Sheffield 
Assay Office^ give4 the following description of the method of 
manufacture of Sheffield Plate. “The silver-plating process 
pursued in the manufacture of old Sheffield Plate consisted in 
taking an ingot of copper slightly alloyed with brass, and a 
thinner ingot of silver finer than standard, and placing them in 
close contact after their surfaces had been scraped clean and even.. 
The silver was then protected Ly a thin sheet of copper and a' 



SILVER Al^D GOLD ALLOYS. 


370 


sheet of iron outside that. The whole wjw bound to- 

gfither with irou wire, and the ed|;es bnislied witli a Holution of 
borax to prevent oxidation in the subseipient heating. The 
ingot wius next very carefully heated in a reverberatory furnace 
until the siivi'r began to fus^^and waa seen to tlow' at the e<lgc«. 
It waa then (juiekly removed from the furnace, gradually cooled, 
and when cold cleaned in an acid Rolution, after which it wan 
scoured with sand and water and rolleel out to the desired thick- 
ness. For the purposes of manufacture it was* cut up and 
hammere<l into the rc(pnred shape by gkilled workmen, or 
stamped in dies, the (xlgos and parts being soldc-red together at 
a moderate heat, and finally burnished by hand. In tlie early 
days of silver plating tho manufaetnre of buttons and buckles 
was an immense industry, and Uolnovi'r at once established a 
factory in Baker’s llill for the production of these and other 
small articles, such as snnft'-hoxes, (<tc He experienced great 
difficulty ill regard to labour, and at first he, and others who 
followed him, liad to accept the services of itiiuTant tinkers and 
such woikmen as they could induce to come fnen London and 
otijcr pines men who spreilily n'alisod their importance and 
exacted their own terms.” 

“For the first fifty years the copiier was plated with silver 
upon one side only, hut BoKov< r s apprentice, .lo^cph Hancock, 
improved upon tho process and plated both sides, at the same 
time.extcnding its ajijilication to laige articles, such as taukards, 
coffee pots, etc. I'm was at first applied to hide the raw edges 
of the copper, or brass, but in 178 f CJeorge Cadman, in partner- 
ship with Samuel Roherts, substituted solid silver edges and 
mounts, thus not only hiding an obvious disfigurement, but also 
protecting the parts most exposed to wear. Tho earliest 
forftis of Sheffield Plato are generally plain and siinfilo in design, 
but*later j;lie designs were pierced like tho silver-pierced work 
of about the middle of the eighteenth cen'sury As a general 
rule, Sheffield Plate simply reprcKiuced the patterns^of solid silver 
in usa at the time.” 

Another process known a.s “Close-plating” was carried on 
simultaneously with Sheffield plating, aufl was usixl for the 
plating of steel articles^ such as fruit knives and candle-Hnuffers, 
which often accompanied candlesticks and trays of Sheffield 
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Phte In this process the steel was carefully cleaned and then 
tinned by dipping into molten tin It was then covered with 
thin silver foil, which was beaten, or “ closed,” over every part by 
careful hammering, and when this was completed a hot soldering 
iron was pressed over the whole si'irf ice, thereby melting the tin, 
which alloyed with the silver and soldered it to the steel. 

Apart from the 8ilve^copper alloys the only silver alloys of 
any importance are those with cadmium, platinum, and tin. 

Silver-cadmium Alloys. —The alloys of silver and cadmium 
have long been know^i, and many years ago a company was formed 
with the object of electro -depositing an alloy of silver and cadmium 
in place of pure silver on account of its 8ii[)eriority as regards 
tarnishing. The attempt was unsuccessful for various reasons, but 
chiefly on account of the dilticulty of obtaining a uniform deposit. 

In 1904 Rose drew attention to the fact that silver is capable 
of dissolving cadmium to the extent of 20 per cent, to form a 
homogeneous solid solution, and ho suggested that the standard 
trial plates might with advantage be replaced by a silver-cadmiuni 
alloy on account of its uniformity in composition. Trial plates 
were therefore made, and it was found tliat they wore perfec^Jy 
uniform in composition, and that the cadmium in no way inter- 
fered with the ordinary methods of assay. Some difliculty was 
experienced in melting the alloy on account of the volatility of the 
cadmium, but the meth(Kl finally adopted was as follows -.—Molten 
silver at as low a temperature as possible was poured on W the 
melted cadmium covered with charcoal and contained in a largo 
crucible. By this means the loss of cadmium was reduced to about 
015 per cent, of the weight of the alloy, ^ind was fairly regular. 
The loss on remelting the alloy only amounted to 0-08 per cent. 

Cadmium, however, is not only of use in the proparatioft of 
standard trial plates, but in other countries is extensively used 
in the manufacture of sterling silver, owing to its valuable pro- 
perties as a deoxidizer, It increases the malleability and ductility, 
prevents blistering, and is said to improve the whiteness of the 
alloy. Moreover, an excess of cadmium is not very matewal, as 
it alloys perfectly with the metal without injuring its mechanical 
properties An American authority states that cadmium is used 
by practically every manufacturer in the ‘United States, and he 
gives 0-5 per cent, as the usual addition. 
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Silver-platinum Alloys.— These alloys are uscxl to a limited 
ejrtent, hut are of sulhcient imporlanco to demand a brief 
description. 

The preparation of the alhiys is somowliat dillicult, owin^ to 
the hij^h nulting-pomt of ^hc platinum; but the alloying is 
effected by gradually adding the platinum in the form of sponge 
to the molten siKer, the whole Iniing thoroughly inixisl by 
stirring Tlie ifsnltiiig alloy is granulated and remeltcsl to en- 
sure uniformity of eompiksition. 

The most impoitaut of the silvei )tlatmmi>alh)ys are those used 
by dentisUarid sold in the form of wiie, hbeet, and pei forated hbeet, 
under the name of ((entnl nUmj. They an' much more durable, 
and do not blacken so reiulily as a silver copjier alloy. There are 
in the market two qualities, the first containing ()7 per cent, of 
silver and 33 per cent, of platinum , and the M-cond containing 
TT) per cent, of silver and 25 per i cnt of platinum The alloys 
occasionally contain a small quanlily of copper. 

Silver-platinum allovs are also said to he used by l>innnigliam 
jewellers, but it is proliable tliat the a<l\anr(‘ in the price of 
platinum has lieen the means of checking their use. These alloys 
contain from 2'5 to 35 per cent of plahnum 

An alloy O'Neil for soldering platinum consists of 73 per n nt. of 
silver and 27 per cent of platinum , and an alloy containing 07 
per cent, of silver and 33 per cent of platinum is employed as 
the f^andard of electrieal resistance. 

Alloys of Silver and Tin. —Alloys of these metals are largely 
used by dentists as the liasis of amalgams for stopping teeth. 
They come into the rqarket in the f(nm of filings or shavings 
containing from 40 to 60 per cent, of silver, and are mixed witli 
meiKury immediately before use. The amalgam thus formed 
becomes a bard mass within a few hours. Small ipiautities of 
othw metals, usually gold, platinum or copper, not exceeding 
5 per cent, are occasionally inlded to the« alloy in order to 
improve its quality. 

As regards other alloys of silver, those with zinc and aluminium 
have had some atUnition devoted to them, but so far they have 
not attained any degree of industrial importance. 
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Gold Alloys. 

The important alloys of gold are those 
with copper and silver, and of these the 
gold-copper idloys are by far the more 
important, on account of their employ- 
ment as alloys for coinage. 

The constitution of the gold - copper 
alloys lias been studiisd by Roberts Austen 
and Hose, and the freezing point curve 
of the series as determined by them is 
shown in Hg 7t) It consists of two 
branches meeting at a point representing 
the eutectic, which contains 82 per cent, 
of gold and melts at 1105°. The round- 
ness of the curve suggests that the metals 
are to a considerable extent soluble in 
one another, and the microscopical ex 
amination conrmns this view, but the 
degree of solubility has not yet bepn 
ascertained Standard gold, however, is 
a homog('neous solid solution of copper in 
gold, and possesses the crystalline struc- 
ture of a pure metal. An old-fashioned 
system of expressing the fineness ol .gmld 
alloys in “carats” and grains, or “carat 
grains,” is still in use m tins country, 
and rotpiiros somy ('xplanation. The 
Arabic word Kyrat and the Greek Kera- 
tion appear to be the same, and \v»3re 
applied to beans or seeds which were 
used as weights. The word seems to 
have been retained after the introtluction 
of standard weights, for we find a small 
(Ireek weight known as a ceratium^ from 
which our carat, or “karrett,” as it was 
formerly spelt, is derived. The carat 
contains 4 giains, iftid pure gold is taken 


as 24 carat, so that, to take an example, 18-oarat gold contains 
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of pure gold, or 750 fine. This system wiis retained in the 
Mint until 1882, when it was n'plaeed hy the deeimal or “parts 
per thousand” system, but it is still commonly einjiloyed by 
jewellers and goldsmiths 

In following the history of*tlfe gold coinage in this couiitr) we 
must again quote the words of that eminent authoi i(y, the late 
Sir William (1. Uoherts Austen lb' begins with the year 1257, 
“the 4l8t year of King Ib'iiry III , who made a penny of the 
finest gold, which weiglied two sterlings. This, as finding points 
out, is remarkable as the first coinage of gold*in the kingddm, and 
it is extraordinary that it took place at the height of the king’s 
distress for want of money, d'he next step of importance waa 
taken in 1343, when King Edward III. citined, or piojeeted a 
coinage of tlie standard 01)1 8 (23 earat.s, 3\ grams, and .J gram of 
alloy), which was referred to by later wnfeisjis the ‘old sterling’ 
or ‘ riglit Stan lard ’ of England, and Lowndes, (jnoting tlio lied 
Book of the Exchequer, says that the 4 giain of alloy might Le 
either of ‘silver or cop|)er.’ Although these were no(, us .Slow 
couaidored, ‘the first (.^)inmg of goM in England,’ the (luiiis of 
• Edward III were of remarkahle Ix'anty , ami it was aiiserted that 
they were stinek from gold propuKd hy occult aid, hy the well- 
known alelmmist llaytnond Lnlly, who had a 1 ilioratory in the 
Tower of London, ’riiero' are, however, chronological diilicnlticH 
in the way of this explanation of the origin of the precious metal. 
No further chang(' was made in the standard fineness of the gold 
coin until the year I52fi, when King Henry VI 11. intnxlnccd ;i 
second standard, 91fi 00 (22 car.its), the professed obji'ct being to 
prevent the exportatiop of the com to I'danders. The fnrtlu'r 
modification of the standard, whicli w’a^ etle<-ted m 1543, was 
preutded by a kind of scientific reseaieh, as the King ordered the 
officers of the Mint bj prepare, wlienever they sliould he so 
directed by the Privy Council, alloys to the value of one pound 
in weight, of such fineness as should be d^isod by the said 
Council, in order that the general nature of alloys, similar to those 
used ia foreign realms, miglit the sooner come to his Majesty’s 
knowledge. The standard 916-66 (which is the standard of llie 
alloy used at the present day for tho gold coinage of this country) 
was again issued in ?54 4. By a sulisequeiit indenture, dated 
1646, the gold was brought down to 833 3 (20 carats). King 
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Edward VI. iihproved the hneness of the gold currency in 1549, 
and in 1552 an indenture was made authorising the coinage of 
gold both of the old standard 994*8 and of the standard 916'66. 
Queen Mary issued coins of fineness 994*8. (^ueen E]izal)eth 
struck coins of both standards. Tbg coinage of gold of the ‘ gold 
standard’ 994 8 was abandoned in the 12th year of King 
Charles I., and since that time the standard 916‘66^ha8 alone 
been issued, (loins made of the old standard previously to that 
period continued to be current until the year 17.32, when they 
were witlidrawn from circulation by proclamation.” 


Goi.n Standards. 


Counliy. 

Donoiniiiation 

Fineness. 

AustriA-Huiigaiy 

Ducat 

m 

,, . 

20 and 10 crowns 

900 

nelgium .... 
Denmatk . 

20 and 10 fiancs 

m 

20 and 10 kroner 

900 

Franco .... 

All 

m 

tieiniany .... 

All 

900 

Gi'Aat bntain 

Sovereign 

91ti’6 

Holland .... 

Double ducat 

983 


Ducat and 10 lloiin 

1)00 " 

Italy 

All 

t DOO 

Japan 


1 

Norway .... 

20, 10, and f) kronor 

900 

Portugal . . , . , 

All 

916*6 

Ruf>Ma . , . . 1 

All 1 

‘ 900 

Sweden . , , . 1 

All 

900 

United States , j 

All 1 

900 .. 

#v 

From the above table, giving the composition of the gold 


coinage alloys used m ditl’ercnt countries, ,it will be seen that the 
standard most generally adopted, viz. 900 fine, is somewhat lower 


than in this country. »* 

Standard gold is harder than the pure metal, but is extremely 
malleable and ductile, and admirably suited to the purposes of 
coinage. Moi-covef, the alloy being a homogeneous solid solution, 
there is not the difficulty of preparing standard trial plates of 
uniform composition as in the case of standard silver. 

The melting of standard gold is carried out in plumbago 
crucibles heated in coke-fired furnaces similar to those used in 
the melting of standard silver. *■ 

Alloys of gold and copper are largely used for jewellery ; 
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those raoet commonly used and hall marked are 
carat or 916*6 fine, 18 carat or 750 fine, 
15 carat or 624 *5 fine, and 9 carat or 375 
fine. The first of these, viz. 22 carat, is t(H> 
soft for hard wear, and is aJitiost oicliisivoly 
employed for wedding rings and those jiarts of 
rings which hold the precious stones and whu h 
have to be exceptionally ductile. The alloys of 
18 and 15 carat are used in high-class jewellery, 
and the 9-c.irat alloy is Uhod for cheap work 
In addition to those a number of alloys con 
taining silver in addition to the copper are used 
for jewellery, and in some cases iron is added. 
An alloy containing 750 of gold and 250 of iron 
is mentioned by several writers as “ blue gold.” 

Gold-Silver Alloys. 

Although the alloys of gold and silver can 
hardly be said to have any gn'at indinstnal 
ml*ie, they are of considerable inteujst from a 
theoretical point of view It may be inentKmed, 
however, tliat thc.se alloys are used to some 
extent in tl^o manufacture of jew'llcry, tin; 
colour being paler than in the case of the conn 
sponciing copper alloys. Until comparatnely 
recently the sovereigns struck in Australia at 
the Sydney Mint were alloyed wiiii silver in- 
stead of copper. 

The constitution of the gold silver alloys has 
reoefved the attention of many melallurgi.sts, and 
more particularly Gautier, Roberts- Austen, Rose, 
Erhards and Schertel, who all agree that the 
metals are isomorphous and form horaogeneoiA 
solid solutions throughout the whole series of 
alloys.' The freezing-point curve determined by 
Roberts* Austen and Rose is shown in fig. 80, 
and it will be noticed that the lowering of the 
freezing-^int of gold By the addition of silver 
is very slight until 35 per cent, is reached. 



Fio. 80.— Freering- point Curve of Gofd-si'iTer Alloyi. 
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It follows from the constitution of these alloys that they will 
be uniform in composition, and since 1902 a gold-silver alloy 1^^ 
been used at the Mint for the purpose of assay chTJeks in place of 
fine gold. 
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CIIAPTKR XV. 

IRON ALLOYS. 

In t<) deal \Mth tlie alloys of inm oiir attention itj 

naturally dneoted to st' ei, and tlio qiuHiuni aiises, Is steel an 
alloy? Many yeara ago MaLthiessen declared his btlnd that hLcoI 
shoidd bo considered as an alloy of iron and carbon, and Ins opinion 
has been amply conlirrued by modern re.<earch, But here we are 
face to face w'lth another difhculty, foi tho study of sled has 
received so much attention, and is in itself so vast a subject, that 
it would be obviously impossible to comjiress it into a part of a 
book on allo)s. On the other hand, no hook professing to deal 
with the subject of alloy.s can possihly iguore the alloys of iron 
A oompromt^e must therefore he md<le, and in tho following 
chapter an attempt has been made to deal biiefly with the 
essential facts and to supfilcment these with a bibliography 
Buflficiently complete to form a reference to the inipoilant work 
dealing with the subject of steel and cast iron. 

• 

Iron and Carbon, 

Tbe constitution of the alloys of iron and carbon is somewhat 
complicated by the fact that iron is capable of existing in at least 
three allotropic modifications; and it is necessary, before dealing 
with the alloys, to consider tho changes which *raay pike place in 
the iron itself. Roberts-Austen showed that if a cooling curve 
is taken of the purest iron obtained by electrodeposition, two 
remarkable irregularities in the curve, due to an evolution of 
heat in each case, occur at temperatures of 895* and 766*. He 
considered that these evolutions of heat were duo to allotmpio 
changes in the metal, and this view has been supported by the 
287 
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fact that there is a profound change in the physical properties of 
the metal at these temperatures. Osmond first described the thr^e 
alloiropio modifications as Alplia iron, Beta iron, and Gamma iron, 
and this nomenclature is now universally adopted. Alpha iron 
(or a-iron) exists at temperatures below 766*, Beta iron (or /S-iron) 
between 766* and 895*, and Gamma iron (or y-iron) above 895*.^ 

The pliysical properties whicli have received the most attention, 
and which servo to indicate the molecular changes taking place in 
iron atdilferont temperatures, are magnetism, dilatation, electrical 
resistance, and thermoelectric behaviour. These will be referred 
to later, and it is only necessary to mention here that fliey fully con- 
firm the existence of three modifications of iron. The crystalline 
character of the throe modifications hasalso been studied by Osmond, 
who concludes that they all crystallise in the cubic system, but that 
while a- and iron both crystallise in cubes and are capable of 
forming isomorphous mixtures, y-iron crystallises in octaliedraand 
does not form isomorphous mixtures with ji-mm, Osmond observes 
that if the allotropy of iron were not conclusivi'ly jiroved by other 
evidence, it would not bo revealed by its crystallography. 

If, now, a cooling ciirv® is taken of an iron containing, ^ay, ■ 
0'2 per cent, of carbon it will be found that the first evolution 
of heat IS very much less than before, and occurs at a much 
lower temperature, viz. 825*, while a third evolution of heat 
is noticed at 690°. Further additions of carbon lower the tem- 
perature at which the first evolution of heat takes place, untd with 
0’37 per cent, of carbon the first two evolutions of heat merge 
into one at 766°, while the third remains constant at 690*. Still 
further additions of carbon again lower t,he temperature at which 
the first evolution of heat occurs ; and when 0 9 per cent, of carbon 
is reached only one evolution of heat is noticed at 690*. These 
Cbree evolutions of heat have been named by Osmond Aj, A^, and 
Aj ; Aj being the change which occurs at 690’ and which is also 
known as the reUlescencc point ; A 2 , the change which occurs 
between 766* in the case of pure iron and 690’ in the case of 
iixin containing 0'9 per cent, of carbon ; and Ag the change which 
occurs between 895* in pure iron and 766* in iron containing 

^ Many attempts have recently been made ^ disprove the existence of 
j3-iron, but as yet the evidence has been unsatisfactory and wholly iniufficient 
to suDDort the claims uuC forward. 
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0*37 per cent of carbon. The satnc points are ol^rivcd on 
steel well as durinj: coilin^^, but thc\ do not occur 
exactly at tiiesjune temperatures , and in ordei to di^linguisii the 
pointfl observed <lurin^^ heatiiij,^ or cooliuo the I ttei^ c (clmulVant) 
and r (refroidiauant) are addejj pthus the u\olutioiis of heat <luiing 
cooling are Arj, Ar„ and Ar^, and the corrt'.spondmg points duiiiig 
heating are Ae^, Ac,, and Ac^ The intluence of eailam upon tlio 
molecular changuH taking placi* in si(>el can best be oli^('r\ed by 
submitting to a rnioroscopiral evammatioii. samples of sterl winch 
have been lu'ated to various tomjieraturos and suddmlv cooled by 
quenching in water or mercury, in onler t\ tix as f.ir as ]>osrtible 
the structure winch they jiossi'ss at the tem])eratuie at winch they 
are quenched, f^et ua consider, for (‘\ample, a steel cont niniig 
0*4 per cent, of caibon If such a steel is queiiclud at a tempera 
ture above Ar.> stiucturc will bo found to coiihist entirelv of an 
aoioular constituent, of wlneli pbolograph 1, No. d, repit.senta a 
typical e.xample, aiel whieh is known as martensite The Inghi'st 
powers of the mn'roscopo are unahlo to resolve tins inat<TiHl with 
the ncedle-hke stnicturo into dillerent coni}»<)nents, and it is 
• evi(^cntly a solid solution of carbon in iron. It is a hard, brittle 
substance, and is the chief constituent of haidcnod steels 

If, now, the same steel is queiiclied from a tempeiature between 
Ar^ and Atj tlie same constituent will he (dHcr\ed, but in this 
case it lb not flie only constituent, but o(;curs ni paU'ln s smiounded 
by a s^ructurelcbb and much softer m.iteri.d which is practically 
pure iron and is described as feiTite Again, the s^irno steel 
quenched at a temperature below Atj, or allowed to cool naturally, 
will be found to possess a d life rent stiucture. It still contains 
two constituents, but the martciisito has undergone a change. 
The garbon is no longer dis-solve*! in the iron, hut has sejiarated 
out as carbide of iron, FcgC, and has formed with a part of the 
free fron a constituent posse.sHing the typical structure of a 
eutectic as shown in photograph 7. This coiastitucnt is known 
as pearlite. It is the eutectic of iron and carlade of iron 
(or cementite), and contains 0*85 per cent of carbon. It is 
much softer than martensite, and is character) “^tic of all slowly- 
cooled steels. Steels containing less than 0‘H5 per cent, of ( arlym 
consist of grains of pearldte embedded in a ground mahh of ferrite, 
and are sdnietimes described as hypo-eutectic, while those con- 

19 
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taining more than 0 85 per cent, of carbon consist of maasivo 
ceinentite embedded in a ground mass of pearlite and are knojwo 
as hypor-euiectio. Hyper-eutectic steels quenched at tempera- 
tures above Arj consist of massive cementite embedded in 
martensite; while in hypo-eutetftio steels the quantity of mar-‘ 
tensite varies and is greater with the higher quenching tempera* 
ture; from which it will be seen that martensite does not 
possess a definite composition, but is a solution of variable 
concentration. 

The accompanying diagram (fig. 81), which is due to Mr. 
Sauveur, shows the ciymposition of a number of steels quenched at 
different temperatures. The effect of carbon upon iron may be 
summed up in the following manner. Carbon to the extent of 
0’85 per cent, is soluble in y-iron, and lowers the temperature at 
which the molecular change frorfi y to /J- and a-iron takes plaoa. 
It is, however, not soluble in a-iron ; and when the molecular 
change does take place it is accompanied by the separation of 
carbide of iron in the form of a eutectic. 

The complete equilibrium diagram of the iron-carbon alloys 
was plotted by Roozeboom from Roberts- A Whteii’s results, and has 
been confirmed, with only slight modifications, by Carpenter and 
Keeling. The curve, which is somewhat complicated, is shown in 
the accompanying diagram (fig. 82), and in order to make its 
meaning clear we will follow the changes which occur during the 
cooling of one or two typical steels. Take first the case of^ a steel 
containing 0'2 per cent, of carbon cooling down from a molten 
condition. The first break in the curve occurs at a point in the 
line AB when the metal begins to solidify, and a few degrees loirer 
(represented by a point in the line ba) solidification is complete. 
The mass now consists of a solid solution of carbon in ,/y-itou 
(martensite), and no further change occurs until the line GO is 
reached at about 820* (Ar,). At this point pure iron m 'the 
condition separates out, the carbon being concentrated in the^ 
remaining martensite. The next point occurs when the line MQ 
is reached at 776* (Ar,), when the free /?-iron changes into opirqn. 
and becomes magnetic. The last change occurs when the Ifn#' 
PSK is reached at 690“ (Arj), at which temperature the martensite 
breaks down into pearlite. ; 

Although the point Atj has just been described as the Isiif! 
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change occurring in a cooling steel, the expression is not strictly 
•(jcurate, as Roberts-Austen detected, and Carponur mid Keeling 





have confirmed, the existence of a change, shown by an irregularity 
in the wiling curves a wide range of alloys, at 600 \ This 
point has been described as Ar^,, but Roseuhmn has shown that it 
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is due to the tube in which the cooling takes place, and is not 
connected witli the steel itscdf. , 

The changes occurring in a steel 'eontaiiiing 0*5 per cent, of 
carbon are similar, except tliat a-iron separates directly from 
martensite at about 750“ without ^he preliminary separation of 
/?-iron. 

The case of a steid containing 1 per cent, of carbon is somewhat 
different. The solidification of the metal extends over a range of 
nearly 100“, that is to say, the distance between the points on the 
lines AB and ba. As before, the solid metal consists of martensite ; 
but when the line SB .s reached at a temperature of 850“ massive 
cemeiitito separates out in the martensite. At 690“ the marten- 
site breaks down into pcarlite, and the result consists of massive 
oementite embedded in a matrix of pearlite. As a last example,' 
let us consider the case of an alloy containing 3 per cent, of 
carliou. At 1240“ martensite begins to solidify, but as y-iron is 
only capable of dissolving about 2 per cent, of carbon to form 
martensite, it follows that the separation of martensite is accom- 
panied by a concentration of (carbon in the mother liquor. This 
concentration continues until the carbon reaches 4 ‘3 per cent., 
when the eutectic of martensite and graphite separates. As the 
temperature falls below 1000“ part of the graphite again enters 
into combination, with the formation of ceinentite, so that the 
metal consists of cementite and martensite; and at 690“ the 
martensite breaks down into pearlite, the 6nal resrdt being 
cementite and pearlite with free carbon or graphite. AVhen 
more than 4'3 per cent, of carbon is present, graphite is the first 
constituent to separate out. 

The microsoopioal appearance of the important constituents of 
steiel has already been described; but ot^her constituents, or 
perhaps it would be more correct to say modifications of these 
constituents, may be produced by thermal tjeatment, and they 
must be briefly described. 

Troostite is an intermediate or transitional product which is 
formed during the transformation of martensite into pearlite, 
and is found In steels which have been quenched at the critical 
temperature Ar^. It is softer than martensite, and owing 
to the fact that it can only exist within a very limited i^nge 
of temperature it is seldom met with. Photograph 42, which 
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18 by Osmond, shows tke appoaranco of ln>i>stite uhdur tlio 
nycrosoopo. 

Sorbite is also an intermt^liate formation hi'twem marttmsito 
and pearlito, but is mure closely related to pf.ulite It lias Ihhmi 
described as “ uii se^reuatisU pi'arliU*/' or piailite in winch tliu 
sepiiration of fernic ami c^nicntite is impni.a't uuinu to lapid 
cooling. Sorbite is found in small vnnplcs ulnch iia\e bccm 
cooled in air, and in larger sun|»bvs winch ha\u hccu tpn nchcd in 
water towards the end of the km* doccnce. or (jociiidit'd m molten 
'Icsad. It is also jiroduei'd by heating nuiiin^te t»mi him* eoluur. 
It is hardly [wssible to detino the mtenuisl^ic formsliuns between 
martensite and pearlite, as there appcirs U» In* a gianiial change 
with no Hhar])ly-detim'd limits through troostite, tioosto sui bile, 
sorbite, granular jx'.nlite, and lamellar peiriite 

Austenite is found in stct'K c^mtamnig moie tlian 1 ‘J per cent 
of carl>on which have been i|neneh( d fiom .1 teiiipi ratiire alsive 
1000* in water cooled to /eio, oi beitei, m a fteo/iiig mittnre. 
The appearance of ansiumte is shown m photogiuph 1, No. 4, 
the lighter eonstitueni being .instmnti* nid ihe darkim martensite, 
It n softer tlian maitensito, and, owing to the fact that it is only 
stable at Ingli tern p*-ratn res, baton .hiplner has siigL'< *5tiMi that 
it may bo a solution of elemcntaiy < irbon in iron 

As regardi^ the nm loseopical im thods of detecimg tin* con- 
stituents of steel and their di-tingnidiing ohar.u'leihlii s, a few 
word8*may be useful. 

The striictuio of ordinary steels may be made apparent by 
etching with nitric acid, but it is ilitHmilt with so strong a 
reagent to regulate th« degree of etching Many yeats ago 
Osmond recommended an a jmams extrai't of liquorice root as an 
etching reagent imed in the following way- A pioce of smooth 
paroljnient was moistem-d with the liquoiice extract and a small 
quantity of precipitated calcium bulpliate added. The specimen 
was then rubl>ed vigoionsly upon the moist p.fi-chiiK^it until the 
structure was revealed The calcium snlphate serves the pnr[)OHe 
pf a polishing powder, and keeps the surfiuo of the steel clean 
This is the combined “jmlish attack,” as it is sometimes called. 
Subsequently Osmond ehowed that a 2 per cent solution of 
amtnoniut^ nitrate nnglil lx* used in place of the liquorice extract, 
ftpd is more oouvenient on account of its uniformity, By either 
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of these methods the various constituents can be distinguished 
as follows: — , 

Pearlite by the unequal etching of its constituents. 

Sorbite is coloured yellow to dark brown. 

Troostite, yellow, brown or blue bands merging into each other. 

Martensite shows its characteristic acicular structure. 

Ferrite by its cry.stallino structure. 

Cementite and austenite are unafTected. 

In order to distinguish marteusiie from austenite, Osmond 
connects the sam[)l 0 'with the positive pole of a bichromate battery 
and immerses it in a It) per cent, solution of ammonium chloride, 
the negative pole consisting of platinum or iron foil. In this 
way the martensite is coloured successively yellow, brown and 
black. 

Tfio combined polishing and etching produces very beautiful 
specimens, and Osmond’s photographs, taken some year.s ago, have 
novet been surpassed, but the method is somewhat tedious where 
perfect results are not essential, and an etching reagent, consisting 
of a 5 per cent, solution of picric acid in alcohol, as suggested 
by Igewski, is now largely used. With this reagent no rubbing 
is necessary, the specimen merely being immersoil in the solution, 
washed in alcohol, and dried. One of the great advantages of 
this method is the fact that although extremely rapid there is 
little risk of obtaining misleading effects by over-etching, as is so 
often the case with nitric acid. A great many other mure or 
less complex etching agents have been suggested, which it is 
unnecessary to mention in detail; but an examfilo may be given 
of a complex reagent which it is clabned by its author, M. 
Kourbatoff, will colour troostite and troosto-sorbite, leaving other 
constituents unaffected. This reagent is composed of one part of 
ethyl alcohol, one part of methyl alcohol, and one part of a 4 per 
cent, solution of nitric acid in acetic anhydride. 

From wli^t has been said, of the constituents of steel and their 
formation, it will be seen that austenite and troostite are very 
niiely met with, wliere.is ferrite and pearlite are found in •all the 
classes of steel used for constructional purposes such as bridge 
work, railway and tram rads, etc. Cementite is found in all^ 
high carbon steels, and martensite is characteristic of all steels > 
hardened by quenching, and, as will be seen later, certain steels 
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which renmin Imril without (juonclmii^ Sorluto is soinetiuies 
fojind in steels whu-h have intMi lunl after rolliiiL:. 

So far, oulv pure non earl'un all"\s h.ave luen «itl), but 

CornnHueml 'teel^ iii\iinal)lv eonfain sin.all (juantiiies (tl other 
e!eni(‘nts ; these hi\e an iinp'>rtaiit »ntlueiie<' on the (pialitv of 
the allots, and must ixi ed I he ni"re iin['oituit of 

these eiemenUs are silu'on, .Milphui, plmsphoruH, and in mueanese 
Silicon forms a solid solution with non, and ipp< ns to ^o into 
Bolution in the form of a Mheide Id Si It is i hci cfon* not drieelod 
under tile niK'ioseojM’ (hi tlie oilnr h iiid, a leiiiin amount of 
silicon is fre(|uenll\ found m steel m tin •form of hiIk ate sla^^ 
In g(xxi steel tlie (juanm\ of slag IS \er\ .small, hut m mfiriot 
steels it is ocasioii.ill\ found m con-'id<'rahh* <|uintitics Tlie 
ordinary chemical iniil\s's fails to distm'uisli IhU w ceii silicate 
and fillieide, <;iil\ the t"i il sili.dii (s ntonl heing tctiiriicd, hut a 
nQicroseo[>ieal e\,uninalioii H'VrMls the e\i-!i m v of mI < ale'^ 

Sulphur itivariahiv occuis as maiigiin^c 'Ulphnie m steel Tt 
is of a pale slat e colour, some w In t Indif to t ii in lu un.' iin si* silicate 
Unlike the silicates, houcv^i, it is elongated uithout being 
• brojteii during the rolhng of the sire’, and is found in long 
threads in rolhd steels, riioio:'i[)h ii'J sliows liotli manganese 
sulphide and iron si In ite oi'eurniig sid'- h\ side, and jihotojp ajdi .18 
shows a p iteli of in iiigaiie'-e sulphi'ie ,oid mang un si' silicate occur- 
ring together ()n creating with dilute ju id the nniigam si' Kiil[)hide 
is diss^il ved out, leaving [iits, hile tin* silie.ile mn uiis nnall leked. 

Phosphorus foims a sdid solution with iron, enter mg into 
solution a.S jihos[ilu le of jiuii, lOuT I’hospiiide of lion, especially 
when present iii faiil\, huge qinntilics, fnipiently sigregaloH, 
tlie parts of the steel rich m plio-,j»lin]f hemg liarder and vihiter 
thai^ the rest of the nn lal. I h* se segregations are ajiparenl 
during the turning, cuLtmg, or filmg of the steel, and are kiiovsn 
by tlse Workmen as ‘‘ghosts ” 

Miiugancse occurs in steel in at le.ist thre(3 It combines 

with all the snlplmr present to form mangain He sulphide, as 
already noted. It also occurs, to a certain extent, as manganese 
Bilicate, and must probably as manganese silicide. Moreover, it 
forma with carbide of irim a tloul^le carbide \siiich la repre- 
sented by Carnot and (Coital as 4Fe3C, MiigC, and by Behrens as 
FcyMn^C,* Considering the experimental ddlicultie.s involved in 
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the determination of the Composition of. these carbides, the results 
agree remarkably well, as is readily seen if the fonmil® a^e 
brought to the same value in manganese. They then become 
Fcj^Mn^Cio, and 

In addition to tlui elemriit.s alrea^ly mentioned scvtTal others, 
such as arsenic, coppm-, nitrogen, 'ovygen, and hydrogen, are 
nearly alway.s found m small (piantities in steel. Their mfluenco 
(in the (plant it los m whicli they are usually found in steel) is 
either less important, as in the case of arsenic and copper, or 
very im[)ei I'eetly undeistooil, as in (he case of iiitri gen and 
hydrogen, and it is iifipussihle to do more tlian im ntion them 
here. 

From the foregoing description of the constituents to be found 
in an oidiiiarv sample of st('(d it follows that the niicroseopical 
examination shoiihl he condiieted in tliree stages Fii>t, the 
specimen should leceive as peifetb, ,a polish as [lo^sibh' and be 
carelVilly examined iii order to deteimiiie tlie (pianlity and nature 
of the slag pie^enl Then it should he lightly ('tched in order 
to reveal the (jiiaiitily and eoiidition of the e.iihah', that is to say, 
wliolhei’ it oeeuis as [H’arlite, soihite, etc. Kmall), it shoul(jl,bo 
deeply etelu'd to show up Us er\ .si.illme struetuie 

Although the seni's of iroiieaihon allots [)os^e^s a very wide 
r<uig(‘ of prop! riu's, it has been found that the\ m.iy in many cases 
bo improved by the addition of aiatther ehmient The resulting 
alloys aie largely usc'd at tlie jireseiit tim(\ and eoii.stituto the 
class of alhus freijueiilly leferred to as “speei.d steels,” The 
most impoilant of these allo}s are the nudvcl steels, manganese 
sto(ds, chrome sttads, and lungsteii steels, wjiile a !ium))er of others, 
including vanadium, mol\bdeiium, silicon, and aluminium, are also 
used industrially. More recently quatermuy alloxs coutai.'ying 
two of these elements have attiaeled eoiisiderahle attention. The 
principal idiar.ictei islies of the mere important of these alloys 
will be briellv eonsideii'd. It may heie be pointed out, however, 
that in all the steels now ii.sed for the pin [loses of construction 
the result of adding a third eomixment is the pioduetiou of a 
stronger and harder alloy than the simple ironeaihoii steel, but 
without any corresponding iiiercase in biittleiiess That is to say, 
a triple alloy containing 0*3 per cent, of (aihon can be obtained 
as stiuiig as ail oidinaiy steel coiitanuiig 0 7 per eeut,, or more, 
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of carlxMi, l»ut withoul llio l»i ittb'iu df tiu* sunjiK ir"ii uvrl'ou 
tfteel. 


Nic'kol 

Nickt'I alIo\s w II h iidii 11 ^ 111 piiipoi’ . 1 ,' 'iiiii ' I'lt' df ilii‘ illoV'* 

pdssrhi liiiiu’uin.' |'m[) i*! . , \x |, u | -.in . '1' . t rf iii kcl 

uptin tlu‘ nidhdilii <' will. I. .. .1 liiiM., ' ’lie iiM.lum' i>f 

^tOel, <KlUltll(i ll 1-1 ''llnAll lllW 111 |.i \ ( III .!i licU the ('!) 

Ar,, Ar , lui'i uh' “’.n 1\ iv.ii.l pi i (•uii nf 

nicki'l, Ai^ tii'i \i>uir''' i' it.-ii' ''1", ti>>i 'iih [mi 1 1 nt of 
nii'kol (iiil\ "111' ( ii 111 M' il,, . I 1 1. 1 ,a ■! 1^1' dpt 

111 11 jikiiiMiu d.oui'l itiii ,i i> ( Id 1 '•I'l'l « . Ilf iiiuiij' ‘ir» 

jx*i ct'iil of nil ki'l w.i-^ n"ii-iii i/iiifii if ! Iir I'l 111 ' ti \ tmii '( ratni 
but w luMi um 4( 1 iti i> i! b'l.nii' M.; li'!\ in i iM'ir imI al ■ .'"iD" 
was sti Ml '41 \ 111 iL’ii' t .(■ \bii'..\i' i.ii I ■ iiii II (1 ii.li/ I 111 nriliirirv 

ti'iniH'iat 111 I It n 111 til H i ir • n ’ i , tn i i i iimL 1" .• tli i [umjm rt v 

UDlll Ml"' '1 Im a l< lii|M ■ i' 'M' I'l M <1 • * 

SiiK'd tin* (‘Miiimui I t'li'ii of ill p ul'h b\ llMplfinwiUi fin* 
inapnictir |ii Ml I 1 1 a (>i lii' II, '\ hiM ''Mil ,,p!'m 1\ iiiilini, 
H*i(l tll <3 tl/UP ^ ' i'f ■!' ■ . !i\ I f-liiM .'1 "'i \ 11 ' till' It inl" 1 iliip"! at 

whu'li iiM :iii tPin a''’," u ^ ii .1 ' , ^ i 'M (pi -mm (biriiip' 

lidiifiiipp aif pidtifii in llic !■(' "1 ,t tui\f (liM -1, it. \m11 111 * 

soon lli.il t ht' ,i11m\ , iii,i\ lit 11 , i'l, li iii’iM I \\M p'l'.iip ;lii ii\(iMltl(; 

and t lie II re\t t ubif iMimi n p p i, puiik i i I,m fciiipi i iiiip’h 
of Iran'-forinulKn) witli ^ptiin iiI'Piki tn tin- .iI'.mnm lyiiip' 
betwt'tMi t lie twn MiMUp . CMiit.tiiiiiiM to .Ki pt r (tin of ok kcl , 
but the results ,u »• s.mik a hat n p /olai 

Anottici ctjually inlkP "tiiiM piMj ' ■ pv of tic nn kt 1 ip h ali'pv la 
that ot capupHtii or 'lilt'a’i'D ( iudi ihimc ht-. 'i< P i m m d the 
va^ial I' ll ol di! ti il icii of i he m in - of tllo\p, and he linti'i f hat the 
addition of nickel c HP' - .1 hii' in the ddiiainm until 30 to 
36 })er ct nt of niekid p p o Ik d. ,ut( r \^hn ti tinte ih a rajiid 
incre.pe. In some ( a-t ' thi ullo\i eoni.unii^^ aiiout .'I'l [ler «'ent. 
of nickel show a t-li/ht eonti ntion with rise of tenip' lalure It 
is tlu-iri posbible to obtain allo\s pcs-' -on^p anydt'-ipij ((,(th() nt 
of expaiPioii from that i;f non or nn kei <io\\n to zero, and tins 
valuable j)ro[)eit} of tlie allo\s Inis be* n made uhc of in several 
industries, ktiimerlid plat mum was the i»nly rnel.il with a 
coeflicient of expatiMon sutheiently nt ar that 'd pd i-,s U) enahle 
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it to be used in the manufacture of incandescent electric larope 
without risk of fracture at the base of the whore the wire 
was fused into the riatinuin, however, huH now been entirely 

replaced for this purj>oso by an alloy of nickel and iron contain- 
ing 46 per cent of nickel /ind about 0 16 per cent, tjf carbon, 
which Guillanine has nain^l platiiiite. An aliov |) 0 ’'Mcs 8 ni^ no 
coefficient of expimsion with rise of temperature i« oliviously of 
the greatest importanco in the manufacture of untches, clocks, 
and scientific iuhtrurnents, as well as Htandaid nu-jnslircs of leii),;th, 
measuring tipos, etc. For this purpose (JoiUanmc has iiitr<>dnood 
an alloy containing H6 per cent, of nickel and about 0 - jicr cent, 
of carbon under the naino of invar* Kvery batch of the alloy 
is tested, and it is sold in three gi.niis cxlia huperior, 
superior, and ordinary with giiar.nitecd nnixiiniiin coctliciciits of 
expansion oC,^‘0 00008, OOoOOlo, and OOoOo'jf) p. r one degree 
respectively. The avei.iLU) figure is, ho\\e\(i, well within these 
limits, and a recent to^t showed a slight contncdoii eifuaf to 
-0*00000006 per one dt-gn-e. In -nldition to this valniihlo 
property invar is much Icmh readily corroded and oxi(lise<l than 
opdinary steel. 

Alloys pos-scssing these rcmarkabln propertK's might he cx])ectod 
to reveal interesting^ stinctures aii'-n examimd microscopically, 
and such is found to be the cuno Tim alloys may be diviilod 
into three grunp.s accorling to llnur structure, Those containing 
loss than 8 per cent, of nickel have the same structure as oniiiiary 
carbon steels; those containing from 8 to 2.^ per cent. posscHS a 
martensitic structure chajactenstic of quenched carix>n steels; 
and those containing, more than 25 ()er cent, cxhiint a simple 
crystalline structure characteiistic of jane metals iin<i homogeneous 
8o1^ solutions. These limits aro not absolutely defined, as there 
is no sudden change between the uronjfh, ami the change takes 
place with somewhat lower percentages of nickel if the quantity 
of carbon is increased Thus with an alloy cmitainiiig 0*8 per 
cent, of carbon the first change occurs when 6 per cent of nickel 
is passed ; and the second change takes place when 15 per cent, of 
nickel is reached. Guillet represents the influence of carlwn 
on the structures of the nickel-iron alloys in the f(;rm of the 
diagram here reprodiJced (fig Hi). The alloys lying within the 
Paten t«d 1897, No. 11 695 
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lUgas between the pearjjtic and inartonsitiu, and the mivi totiaitio 
[md crystalline respectively. 

Knowing the Btructui'C of the alloys the rncchanical properties 
might l>e fairly accurately predictetl. Determiimtioiis of the 
mechanical properties have been made by a number of workers, 
including HadfielcUuid Dnridas, whoso work must be referred to 
for detailed figures It is oidy nocesKary to siiy bero that with 
the addition of nickel to steel the teiiKile strength and elastic 
limit increases regularly with increuKiug a(l<liti(5ns during the 
pearlitic stage. When the martensitic stage, makes its appearance 
the tensile strength and elastic hunt eiso rapidly, reaching a 
rauxitnum about the midillc of the martensitic stage, and then 
decrease rapidly until the crystalline stage m reached, when the' 
variations are small and regular. Tho rapid rise in the lonsilo 
Strength in the nmrtensitio steels is accompanied hy a correspond- 
ing fall in the elongation and contraction. 

The pearlitic steels are stronger than tho corresponding, caflioa 
steels, though tlie incre.mo is not very great. They are very 
little harder, but thou resistance to slus-k is considerablo. 

.The martensitic steels are very much stronger lyid harder 
than ordinary steels of tho same carlion conti-nt. They show a 
high elastic limit, and their resistaiu'e to shock is moderate. 

The crystalline steels possess the usual pn^poities of pure 
metals and homogeneous solution.s with similar stiucturcs. They 
are 4 )ot particularly hard, and have no groat degree of sticngth. 
They are, however, eitreniely ductile, and withstand shock 
remarkably well. 

As regards the influence of heat treatment, it may be mentioned 
that the pearlitic steels quenched from a tcmpciaturc above their 
transformation point are converted into martensitic steels just aB 
in the case of carbon steels. The quenched alloys have, therefore, 
a l?igher_ tensile strength, but are brittle. Tho martensitic steels 
containing low percentages of nickel are also gardened by quench- 
ing, owing to the fact that the quenched alloys dJmsist entirely 
of martensite; whereas in the slowly-cooled alloys a certain 
amount of free a-iron separates out l>etween the martensite. The 
steels containing higher percentages of nickel are unaffected by 
quenching, and those^bordering on the third or crystalline group 
Xif are, slightly softened. By cooling in liquid air some, of 



: viu^ 

the oryatalline steels can be transrprmea into tnose. wi^ 
martensitic structures. * 

Considering the structure of the alloys together with th^ in-, 
formation obtained from their cooling curves, it will be seen that 
nickel lowers the points of transformjation of steel. When more: 
than 8 per cent, of nickel is present the change Ar^ does not take 
place until the alloy is cooled below the normal atmospheric 
temperature, with the result that these steels possess the mair* ' 
tensitio structure and mechanical properties characteristic of steels 
hardened by quenching. Nickel steels, therefore, containing from ’ 
8 to 26 per cent, of nickel may be classed as self-hardening steels. 

^ .Nickel steel possesses a high electrical resistance, and an alloy 
containing 25 per cent, of nickel and about 0*8 per cent, of carbon, 
possessing a resistance about ten times that of iron, is used in the 
manufacture of resistance coils. 

The following table gives the composition of a number of niokel- 
iroh alloys and the purposes for which they are employed. 


Iron-Niokel Alloys. 


Oomposition. 

Applications. 

C. 

Ni. 


0-06 to 0^6 

2 to 3 

Weldless steel tubes. 

0*2 toO'4 

2to8 

Gun steel. 

0’8 toO’6 

lto3 

Cranks, crank shafts, etc. ^ 

0-2 

8to8'6 

Boiler plates. 

0*6 

3-6 

Tyre steel. 

0*2 to 0-4 

6 to 6 

Connecting rods,- axles, etc. 

0*26 

80 to 82 

Motor valves. , 

0'7 to 0*9 

25 

Ferro-nickel resistance wiie. 

0-2 

86 

Invar (Guillaume’s non-expansible alloy). 

0-16 

46 

Guillaume’s platinite. f 


, Manganese Steels. 

Manganese,* like nickel, lowers the temperatures at which Jhe 
' molecular changes take place in steel. Osmond has shown thai^ 
when 3 per cent, of manganese is reached the alloy possesses onl^ 
r one critical temperature, Arjjj, at about 400* ; and with 7 
" cent, of manganese this change does not' take place abpte the 
ordinary temperature. The miorostructure of the alloys^ 
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to those of niokei. In the case of low carbon stoels those 
(^taming less than 5 per cent, of manganese have a pearlitio 
structure; those containing from 6 to 12 per cent, are martensitic, 
beyond 12 per cent, the structure is crystalline. With a higher 
percentage of carbon smallgr quantities of manganese suffice to 
produce the same structural; thus witli 0 8 per cent, of carbon a 
change in structure occurs when more than 3 per cent, of manganese 
^ie reached, but in the high-carlx)n alloys (luillet is of opinion that 
the constituent is troostite and not martensite It'is aUo worthy 
of note that in the pearlitic steels the pearjite, which contains a 
double carbide of iron and manganese, i» much more broken up 
and granular than that found in oixlinary carbon steels, and has 
some resemblance to sorbite. 

The influence of heat treatment upon niangiuiese hteels is ver)' 
much the s.uno as in the case of the nickel steels 

A similar diagram to that employed in the casi* of the nickel 
fdloys may be u.scd to indicate the stiucture of the niangai/cse 
alloys (tig. 85). The increase in tensile strength and elastic limit 
due to the introduct^iu of manganese into steel i.s small during 
th^ pearlitio stage, but rises when the rnartoiisitic stage is reached. 
These steels are extremely hard and brittle, and are of no 
practical use. When the crystalline stage is reached, however, 
the alloys lose their brittle cliaracter, but retain a very con- 
siderable degree of strength and hardne.s8 These steids are 
represented by the well-known lladfield manganese steel, which 
contains about 13 per cent, of manganese and 1 per cent, of 
carbon. 


‘Chromium Steels. 

influence of chromium on steel is somewhat different to that 
of nickel and manganese.. It appears to raise slightly the point 
Afj*; but according to Osmond the point of magnetic transforma- 
tion is only slightly affected. 

As regards the constitution of Che chromium' steels, those 
containing loss than 7 per cent, of chromium are pearlitic, and those 
t^taiuing from 7 to about 15 per cent, are martensitic. With 
more than 15 per cent, a double carbide makes its appearance in 
the form of small particles, which are perfectly white and very 
i& ^he case of nickel and manganese steels these changes 
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occur with smaller percentages of the metal when the curboto. 



content is higher and the martensite tendji to alter into troostite. 
In the alloy containing 0 8 per cent, of carbon th6 structure 



IRON alloys; 


306 


o^auiea to bo pearlitio wth ^ per cent, of chroiniiitii. The pearlitic 
«^el8 are stronger and liarder timn tliecoiresjwnding carbon atoels, 
but Bonicwhat more britile. Tlutse iKWisebMug a inarlcnsilic 
structure are extremely liard and give high tensile testa, but are 
not as brittle as migiit be c^jiyoted until the chromium presout is 
sufficient to produce the dofible carhitle. When an appreciable 
q^uantity of thiR oouiititueut m present the alhna give low tensile 
testa and good ehiiigations, as in the case of the enstalline alloys 
of nickel and manganese, but. unlike tlu•^e idloys, tliey an' very 
brittle on account of the presence of the doubU* carbide 

As regards iieat treatment, the pearlitiO Hti(*ls are converted 
into the liard martensitic \anety by qnenelung, and the martensitic 
and carbide steels arc slightly sofumed by the same trcalmeiit. 
Only the pearlitic steels arc of any indiistiial value They an* 
largely used as tcol-steels, and also for annour plates and armour- 
piercing projectiles. Tiic stt'el used in the manufacture of pro- 
jectiles contains about 1 per cent, earhon and 2 to 3 per cent, 
of chronmim. Chimninm is also oca .isionally addial to steel 
intended for Hpnngs ai»d tyres, and is frequently a ciaistitnunt of 
higlvclass tile-steels. 


Tungsten Steels. 

X 

The constitution of the tungsten Hbels ih less complex than 
those previously consideied With less than 10 per cunt, of 
tungstsn the alloys of low carbon content are jtearhlic, but when 
more than this quantity is present a double caihide of non and 
tungsten rankes its apparance. In the high carbon steels this 
double carbide appears wjien 5 per cent, of fungHten is piesciit ; 
but in neither case does an iiiteinualiato martensiiic structure 
bcout^ as in the chromium steels. The a<ldition of tungsten 
increases the hardness and tensile strength of steel and, to a less 
extent, the elastic limit, without, however, any noticeable increase 
in brittleness. With the formation of the doubko carbide the alloy 
becomes very brittle and'hard, with a high tensile strength and low 
elastic Jimit and elongation. It is therefore the pearlitic steels 
approaching the double carbide alloys that are of industrial value. 

The effect of quenching on these alloys is similar to that pro- 
duced in carbon steels, but much more marked; and by simply 
i]ji air they attain sufficient hardness to enable them to 

20 
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1)0 tookteelB. Theoe steels are represented ib<e 
known Mushet self- hardening steels. The composition 
number of Mushet steels is shown in the table 



Tungsten steels are occasionally used in the manufacture of 
springe, the alloys employed for this purpose containing abotii^ 
0'6 per cent, of carbon and 0‘6 per cent, of tungsten ; they ^ 
also used in the manufacture of permanent magnets, the 8tee[ ip 
this case containing either 0*6 to 0*7 per cent, of carbon and ’4 
to 6 per cent, of tungsten, or 1*0 to 1*2 per cent, of carbon and 
7 to 8 per cent, of tungsten. 


Molybdenum Steels.. 


The effect of molybdenum on steel is very similar to that of 
tungsten, but much more strongly marked. That is to 
smaller percentage of molybdenum is necessary to produce the 
same result. Thus in carbon steels containing 0*8 per cwnt bf 
carbon the double carbide of iron and molybdenum is formc^^ 
when more than 1 per cent, of molybdenum is present. Ono 
part of molybdenum, therefore, is equivalent to about 4*5 parte 
of tungsten. 

The pearlitio steqls have a high tensile strength and 
limit, which increases with the percentage of molybden^’ 


while the elongation and brittleness show a slight falling-o£- 
Molybdenum sliels have been used as tool-steels, but 
in conjunction with tungsten, and sometimes with chromium 
tungsten. The principal use of molybdenum steel, howeYer,;||- 
for the manufaoture of permauent magnets, for which 
they are superior to tungsten steels. The usual CQmpc«^ite^ Qi| 
these steels is about 1*0 to 1*6 per cent tff carbon and .?^^ 

Uent. of molybdenum. 
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Silieon Steels. 

constitution of.tbe sllioon steels differs from those previously 
^onsijle^ed, inasmuch as silicon forms neither a double carbide dor 
a^Ud solution in all proportions with iron. U combines with 
ilOn to form a silicide corresponding to the formula FeSi, which, 
trithin certain limits, forms 1i solid solution with iron. It follows 
that the constitution of the silicon steels is independent of the 
carbon present. With less than 5 per cent, of silicon the alloys 
possess the same structure as onlinary steels ; but beyond 5 per 
cent the iron containing sihcide in solution appears to be incapable 
of dissolving the same quantity of airbon, iftid a part of the carbon 
is thrown out in the graphitic condition. When the silicon 
exceeds 7 per cent, the whole of the carbon is found os graphite. 
Silicon steels are liardcr than ordinary carbon steels, and poascss 
higher tensile strength and elastic limit; but their resistance 
to shock is not great when more than 2 per cent, of silicoo is 
•pyesent. Those containing free graphite are iiselesH, 

Quenching hardens the pearlitic steels, and the etrect is much 
greater than in the oast^ of carbon steels. 

Ithe principal application of silicon steel is in the manufacture 
of springs, the percentage of silicon for this purpose varying from 
<5*8 to 2’0, with carbon from 0 7 to 0'4 respectively. In addition 
to these true|iIicon steels there are steels containing somewhat 
higher percentages of silicon than ordinarily met with in carbon 
steels,* In the manufacture of these steels silicon in the form of 
feiTOSiliooD is added to the metal in the ladle before teeming, and 
answers the double purpose of eliminating oxygen and adding 
silicon. The destmctioi* of oxide gives a fluid metal which yields 
castings free from slag and blowholes ; while the excess of silicon 
rsudsrs the steels stronger, harder, and tougher. Steels of this 
deSDription, such as the well-known Sandberg silicon rail-steel, give 
ap inbreased life of more than 100 per cent, in actual use. 

- Alloys containing high percentages of silicofl are jiow largely 
used in the oast state under the name of tantiron for many 
piufpOMi, where a metal possessing a great resistance to coirosion 
^Xequitred. The alloy is brittle and requires considerable skill 
owing to its shrinkage, but in the form of evaporating 
etc., has b^n of great service in chemical industries. 
?f a sample of the alloy gave the following results 
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Iron . 

. <» . . 82'60 

Silicon . 

. . . . 18*99 

Carbon . 

. ri2 

Mangtinesc 

. 0-80 

Idiosplioius 

'0*53 

Sulphur . 

. , . . . 0*10 


Vanadium Steels 

Vanadimn appears to e\ert a stronger iniluence on the properties 
of steel than any ^ther metal. With loss tlian 0 7 per cent, of 
vanadium the alloys aro pearlitic, but with more than this 
amount a double carl^ide is formed 
The tensile strength, elastic limit, and' hardness rise rapidly 
' with the addition of vanadium, while the elongation only de- 
creases slightly, and there is no increase in lirittleness. With 
the ajipearance of the double carbide, however, tlie brittleness 
mpidly increases, although tin* elongation and reduction of area 
increase and the tensile strcngtli and elastic limit decrease. 

The pearlitic steels are hardened by quenching in the same 
way as carbon steels, hut to a greater degree. ^ ■ 

Only those steels containing less thnn 0‘7' per cent, of vanadium 
— that is to say, those consisting of pcarlito— are of any industfHal 
valiio, and the addition of vanadium np to this amount po-ssesses'lHc 
unique property of greatly increasing the tensile strength andelastid 
limit of the steel without any corresponding decreaso«in the elonga* ■ 
tion or increase in brittleness. Unfortunately, the high price of 
vanadium is a serious drawback to its use except for specialWcds.. 

Quaternary Steels. 

In addition to the ternary steels just described a large numbefb 
of quaternary, or even more complex, steels are in use at tte 
present time. It is impossible to describe these complex s|90l8, 
but it may be remarked that their constitution is in everj^ w^y 
comparable with the ternary alloys, and not more oomplioate’di 
By adding tj^wo oUhnore metals, however, it is often possible'* tb; 
obtain a steel combining the useful properties conferred by 
of the, added metals singly. , ♦ 

The more important of the quaternary steels are, the 
ohromium, chromium-tungsten, and manganese-silicon, while 
nickel-vanadium, chrome-vanadium, and n*lckfcl-tun^^eg hi^te 
described and appear to possess properties which shpi^d 
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a successful future. Among the more complex steels may 
tnentioned the chrome-tmigston-molylxjenum stwls, winch, in 
the form of tools, may be iiswl at a speed which inmutMins them 
at a red heat without sutVenng any serious doU'noration. 

As regards the application* of the (piaternary stl‘t^l^ mcutioni.sl 
abbve, the nickel-chrome stools arc us»>d for armour plates and 
armour-piercinij: projectile^' as well as foi the shafts and gcanng 
of motors. Tiie composition of I lie ^te.ds emj)!o\e(i I'oi tluvjo 
purposes is as follows . — 


Armour ptafCB . 
Pro|e<'tiles . 

Shafts, geiu III}', I . . 


(' \- (I 


0 -J ! 

a 0 5 

:i^) la ^ 0 

1 1) r 

a 2 0 

(1 r> t 

a ( 5 -ti 

2 

2 

0 -j t- 

(1 0 

2 T) 

0 

la 0 r, 


Chronic-tungsten ste. U arc used entneh as !ii di spceil tooj- 
steel. The following table allows tlio eompo->iti(iu ot a ntimher 
of sjicels used for highspeed uoik In the''(> steels niangaia'se 
is always low, and silicon usually aliout 0‘2 per cent Carh(^n 
varies from 0'2 to O-H per cent 
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NuiiiImt 

c 

\\- 

Cl 

.M,„ 1 

1 

> 0 71 

12 0 , 

3 0 

1 

2 

, 0 ; ; 

15-:. 1 

4 


'1 

0 1.''. 

13 0 1 

1 0 


1 

0 4.'. 

0 

2 1 


f> 

1 0 (j(i 

M f. 1 

8-0 


6 

1 o-jo 

7 0 . 

2 1 


7 

0 (10 

0 9 

2 H 


8 

0 ^0 

1 .3 , 

2 9 


y 1 

0-72 

1.5 ' 

f. 2 

1 •• i 

10 1 

,0'.0o 

120 ; 

3'0 

1 1 0 ! 

n “ 

' o-r»o 

0 

3 0 

4 e 1 


Tl*e structural constitmmt.s of (piaternary steeh are llu- same as 


thosejound in ternary .steels, and the same lelations hetweeii struc- 
ture and mechanical properties Imld good With small additions 
of other metals the alloys arc pcarlitic, wliilif witli Jarger addi- 
tions the structure may conMi.st of martensite, pearl ile and carbide, 
pearlite and graphite, or sorbite and carbide, ami with still largci 
additions, martensite and carbide, martensite and gra[)hite, ferrite 
and graphite, -y-iron, y-iron and carbide, or y-iron and graphite. 

The pre|ence of granite indicates silicon in fairly high per* 
..(jeutagea* 
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Martensite indicates nickel, manganese, of chrominmj y'fa^' 
ndioates a high percentage of nickel or manganese, or- .M: 
ogether. > • 

In conclusion, we cannot do better than quote the words of 
Juillet in summing up the alloys of industrial value. 
lointing out that the steels oontainihg graphite are useless itn4 ^ 
hose containing martensite are too hard to be machined, he adds f: 
■ — “ The steels containing carbide are devoid of interest if they al^ 
contain y-iron. It is only when they are pearlitic or sorbitio t^t -* 
'they can be of commercial utility, and even in this case they can 
offer but few special oi\tlets for employment, the most interesting 
of which are for tool-steels and for ball-bearings. There remain, 
therefore, but two structures — pearlitic steels, and steels contain- ^ 
ing y-iron. The latter can only be obtained by the use of high 
percentages of nickel, or of manganese, or both, in order to avoid ■ 
the production of steels easily transformed by quenching, annealing, 
-cooliilg, etc. These percentages should be higher than is usually 
believed to be necessary, and the cost of production is proportion*; 
ately increased. Further, it" is necessary to remember that theit 
elastic limits are lower and that they are difficult to maoMnc. 
This renders their applications exceedingly limited. 

“Thus, the following conclusion is arrived at:— Putting aside 
' steels containing poarlite and carbide, or sorbite and (virbide, which 
are of great interest as tool-steels, and in certain special instance 
for mechanical constructions, and steels containing y-iron, of Vhioh 
use can only be made in exceptional circumstances, the only ' 
structure which should be sought for general purposes is pearlite. 
This being so, the statement may be further made that steels potfr 
sesaing this structure and its accompanying mechanical properties 
should not, as a rule, coutain high percentages of carbon.” 

Cast Iron. 

Cast iron,^. or pig-iron, as it conies from the blast fumaoe^ iS 
classed or graded according to its fracture. In other words, it m 
classed according to the condition of the carbon, as the nature of' 
the fracture depends, upon whether the carbon exists as graphite 
Or combined carbon. The method of grading and the numbtf^tl^ 
grades vary in different localities, but the iron witli the 
open grain and grey fracture in which the carbon ocouit alfiEuiat 
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M graphite, is always known as No. 1; and “white** 
ilSrti, in^hich the carbon is entirely in the combined form, is the 
Jjat of the series. The following analyses, due to Ridsdale, show 
%he composition of a series of Cleveland pig-irons : — 



« 

No. 1! 

No. 2. 

No. 3. 

Forge. 

Mottled. 

White 

Carbon, graphitic 

8-20 

8-16 

8-16 

2 72 

1'84 


' . ' combined 

trace 

0‘20 

0-48 

0 58 

1*26 

8 -06 

Silicon 

3-50 

2-90 

2-69 

1-93 

• I'Ol 

O'07 

Sulphur . 

0-05 

0-06 

0*08 

O’lO 

0'32 

0*40 

Pbo&phorui 

1-67 

1‘69 

1 - r .? 

•1'65 

1’67 

1-60 

Han^nese . 

0-68 

0-62 

0 00* 

0-75 

0'62 

0‘42 


From these figures it will be seen that carbon and silicon are 
the important elements, and, to a less degree, phosphorus. More- 
over, it will be observed that there is a relation between the 
amount of silicon and the condition of the carbon ; as the silicon 
decreases, more and more of the carbon is found in the combifled 
condition. The constitution of cast iron is, in fact, similar to that 
of steel in m5,ny respects, and we have already seen that silicon 
^combines with iron to form a silicide corresponding to the formula 
■FcjSi, which is more soluble in iron than carbon, and throws the 
carbon out of solution in the form of graphite. The condition of 
the carbon in cast iron depends, to a certain extent, on the rate 
of cooling ; rapid cooling tending to produce a hard white iron 
and alow cooling a soft grey iron. It is true that a very soft iron 
cannot be converted into a white iron or a white iron into a grey 
by cooling slowly or rapidly; but with the stronger “forge” 
^rons lying betweeR the grey and white, the rate of cooling is a 
(natter of importance. With such an iron a small casting which 
ha& cooled rapidly might be found to consist wholly or partly of 
white iron; while a large casting of the same metal would consist 
of grey iron. Now, white iron is too hard to be machined ; so 
that the small casting, if it requires any finishiwg, is unsatisfactory, 
and a greyer or softer iron must be used. Hence if follows that 
tjie percentage of silicon in a cast iron should be regulated accord- 
ing to the siise of the casting ; the smaller the casting the higher 
percentage of silicon. 

Sulph^ occurs in dtst iron as manganese sulphide, where there 
is' BU^ient oi this metal ; but in some white iron, where the 
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sulphur is high, it is found in the form# of sulphide of iron sur- 
rounding the sulphide of manganese. " 

Phosphorus combines with iron to form a phosphide Fe«P, 
which is soluble in iron to the exteiit of 1*7 per cent. BeyoUa 
this quantity free phospliide separatps out and forms a eutectic 
wjiicli melts at about 910°. Phosplioins, howcv^^r, forms another 
eutectic with the carbide, which Stead has described as the 
})hospho-carbide eutectic. This eutectic has a much finer structure 
than the iron And phosphide eutectic, and frequently forms fringes, 
as shown in photograph 7 Owing to the low melting-point of the 
phoH[)hido, eutectic iron high in pho8[)horus is extremely fluid and 
gives fine castings, hut the metal is brittle. The constituents of 
^grey cast iron, therefore, are graphite, ferrite containing phosphide 
and silicido in solution, phosphide of iron, snlphide of manganese, 
and carbide in the form of a phospho-carhidc eutectic. In white 
iron the constituents are manganese sulphide, iron sulphide', 
cafbiik, and phosphide. 

Stead has shown that where massive carbide and phosphide 
occur together, the only satisfactory way of chsiinguishing 
between them is by heat-tinting the specimen, when the carbide 
will he found to oxidise more readily than the phospliide. 

As regards the composition of cast iron for various purposes, 
sulphur should never exceed 0’09 per cent, and phosphorus should 
not exceed 0'7 per cent, if strength is required. Manganese 
should not exceed 0’7 per cent, except for chilled castings. 
Silicon varies according to whether a hard, medium, or soft iron 
is required, but average figures may be taken as 1*4 per cent, for 
hard iron, 1'8 per cent, for medium iron,, and 2'5 per cent, for 
soft iron. These figures are, however, only approximate, an^ 
allowance must be made for the size of the casting. 


Alloys Employed in the Manufacture of Steel 
Within the last fow years there has been a great demand for 
alloys of iron*to be used in steel manufacture, both as deoiidisers 
and as a means of introducing a new constituent. These allays 
are made either in the blast furnace or the electric furnace, and 
sometimes by means of Goldschmidt’s aluminium reduction . 
process. The alloys produced in the electric furnace are purer 
and contain higher percentages of the metals (other iron) 
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<ihaiv those made in the J^last funmcc. The first of the “ ferro 
/dloys to be used in steel manufacture was ferro-manganese, which 
was introduced in tlie early days of the Bessemer process, as .it* 
was found to greatly improve the quality of the steel. 

Ferro-manganese is made in the blast furnace. It consists 
essentially of iron and maMgancse, the latter varying from 40 to 
nearly 90 per cent., and about 6 per cent, of carbon, The follow- 
ing analyses show the composition of a nnmlier of samples of 
commel’cial ferro-manganese : — 



1. 

2. 

3. 

* 4 . 

5. 

0. 

7. 

Manganese . 

87 92 

84-33 

80 62 

70 

61 81 

r>o 00 

41-46 

Carbon , , 

OMl 

6 -96 

7 00 

6-68 

C-28 

0 12 1 

6-62 

Silicon 

0’5:j 

0-.04 

0 30 

0-49 

0-63 

0 14 

0-10 

Phosphorus . 

0i5 1 

0 - 1 .^) 

0-16 

0-20 

016 

O’ll 

0-09 


Manganese behaves partly as a deoxidiser. Its existence in 
steel in the form of bulphidc, silicate, and carbide has already 
been discussed. 

Spiegeleisen is a forro-nmngancse containing a lower percentage 
of manganese than ordinary ferro-mangancHe. it vanes from 
about 10 to 30 per cent, of manganese 

Silicon rfpiegel is an alloy of iron and manganese, in which 
these metals occur as silicides. The alloy is made both in the 
blast furnace and the electric furnace, some of those nnule in the 
alectri^fufnace being practically pure silicide of maugan,ese. Tlie 
silicon in these alloys is a powerful deoxidising agent. The 
following analyses show the comjiosition of several commercial 
silicO'Spiegels produced in the blast furnace and in the electric 
furpace ; — 

Silicon Spieoel made in Blast Furnace. 


■f 

1. 

2. 

3. 

• 

4. 

6 . 

0 . 

Manganese .... 

20-87 

20*39 

17-60 

18-90 

20-32 

20*50 

Silicon 

14*28 

13-31 

12 62 

11-80 

10*33, 

9*46 

Carbon . . • 

f^osph^s .... 

1-39 

1-51 

1-06 

1-89 

1*20! 

]*46 

0-10 

0*01 

0-06 

0-08 

0*07 I 

0-07 






Silicon Sfisobl mads in Eqsotric, Furnaob. 



1. 

2. 

8. 

1 

r®*\' ' 

Manganesw 

Silicon .... 
Carbon .... 
Phosphorus 

74*20 
24-70 
! 0-30 

0-02 

73*80 

24*25 

0*66 

0*05 

66-00 

26*00 

61*00 

21*00 

88'06 

21*66 


Perro-silicon is used both as a deoxidiser aud for introducing 
silicon into steel. It is pade both in the blast furnace and 
electric furnace. 


Feuro-Silioon made in Blast Furnace. 



1. 

2. 

8. 

4. 

6. 

6 . 

7 . 

Siliconr .... 

17*00 

18*45 

12-42 

11-60 

10*87 

9-26 

8*10‘ 

Manganese , 

1*60 

1*71 

1*17 

1*36 

1*86 

1-86 

2*20 

Carbon . , 

0*00 

1*21 

1-40 

1*60 

1*61 

1*66 

1*75 

'Phoaphonis . 

0-07 

0-06 

0-06 

0*06 

0*06 

0*06 

0*06 

— c- 


Ferro-Silicon made in the Electbio Furnaoe. 



1. 

2. 

8. 


Silicon 

82*70 

48-70 

76-80 

94*80 

Manganese 

0*31 

‘0-13 

0-11 

0*08 

Carbon 

0*27 

0 09 

0*00 1 

0*00 * 

Phosphorus . . | 

0*05 

0*04 

0-02 

0*01 

Alupainium 

0*13 

0*17 

' 0*08 

0*10 


Ferro-chrome is the form in which chromium is introduced 
into steel. It also is made both in the blast furnace and the 
electric furnaoe. The blast furnaoe alloys contain from about 
12 to 40 per c6nt. of chromium, 1*5 to 2*5 per cent, of manganese^- 
and 6 to 7 per cent, of carbon ; while those made in the electric 
^mace contain about 6*5 per Cent, of chromium and 6 to lOjpfcr 
Cent, of carbon. Hefined alloys are also made containing as much! 
as 70 per cent, of chromium and only O’E to 1*5 per 
jcarbon. 
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^^TQrtnsgStkl ia employed in the manufacture of tungs^n^ 
It is made by melting together Swediab iron, charcoal, 
aSd: tungsten powder, obtained by heating tungstic oxide with 
o^tcoal Three grades of ferro- tungsten are manufactured 
J^mmercially, the hrst containing about 65 per cent, of tungsten 
l^d i*5 per cent, of carhon, being intended for open hearth 
sfeJel r while the second, containing 80 per cent, of tungsten and 
l*ft per cent, of carbon, and the third, containing nearly 90 per 
OOnt^ of tungsten and only about 0*4 per cent. *of carbon, are 
intended for the manufacture of high-class crucible steels. 

Ferro-molybdenmn, used in the mamrfacture of molybdenuraf 
steels, is made in the same way as ferro-tungsten, which it 
rOsembles. It is supplied in various grades containing from 
60 to 85 per cent, of molybdenum and 0*4 to 2 or more per cent, 
of carbon. 

Ferro-vanadium is now a commercial alloy, and is made by 
reducing vanadio acid in presence of iron and charcoal* in* an 
electric furnace. The alloy contains from 40 to 50 per cent, of 
vanadium and about 1 per cent, of carbon. 

^Ferro-titanium has been suggested as a deoxidiser, and its 
efficiency for the purpose appears to be undoubted. At present, 
it is used more particularly as a deoxidiser for cast iron ; but it 
may also be used for steel, and it has recently been suggested 
as an agent for removing nitrogen from iron and steel. Our 
knowledge of the part played by nitrogen in iron and steel is 
very limited, but there is little doubt that it exerts a prejudicial 
influence on the quality of the metal. An alloy which will 
remove both oxygen and nitrogen at the same time should have 
a future before it. Commercial ferro-titanium contains about 
bO^per cent, of titanium and 3 per cent, of carbon ; but a special 
qtudity is also supplied containing only 0'5 per cent, of carbon. 

iesides those alloys a number of others are used either as 
dcoxidisers, or for introducing another metal, f>r for both purposes. 
A^bng these may be mentioned ferro-uraniuin and ferro-boron, 
used* la the manufacture of uranium and boron steels. Such 
steels are, however, extremely rare. Ferro-phosphorus, contain- 
ing 15 to 20 per cent, of phosphorus, is used as an addition 
to oast iijpn, where fluidity is of more importance than strength. 
^AmoUg the complex deoxidisers we have ferro-alu m i ni i u n silicide, 
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containing 45 per cent, silicon and 10 per cent, of aluminlupi; ■ 
ferro-calcium silicide, containing 70 per cent, of sihcon and 15 peit . 
cent, of calcium ; and ferro-sodimn, containing 25 per cent. . 
sodium. Lastly, for the manufacture of quaternary steels we 
have such alloys as nickel-chromq, nickel-tungsten, chrome 
molybdenum, and nickel-molybdenunr. 
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CHAPTER XVI. 


MISOELLANEOTIS ALLOYS. 

Amalgams. 

Teb word amaltjam is used to describe the alloys of mercury 
with other metals. Owing to their low pielting-points they were 
the first alloys to be investigated, but recently they have artracted 
little attention. 

Mercury alloys with a number of metals, the union being in 
many oases accompanied by the evolution of considerable heat, 
but very few of the amalgams have been put to any use, and 
the applications of those that are used industrially are strictly 
liOiited. 

The principal amalgams are those of tin, copper, cadmium, 
bismuth^ sodium, silver, gold, and palladium. 

irin-amalgams are made by adding mercury to molten tin. 
Th^ amalgam of equal parts of mercury and tin is a brittle solid ; 
tut with more mercury a plastic mass is obtained M-hich becomes 
haril in the course of a few days. This and similar alloys 
iwHitainjng cadmium, silver, or gold, are used by dentists for 
Stopping teeth. The amalgams are used in a plastic condition, 
^(f^rden with little or no expansion. 

^^(^per amalgams, — Copper does not alloy #eadily with mercury 
under drdhiary conditions. By mixing mercury witli precipitate^ 
l^pper in presence of mercuric nitrate solution, however, the 
dieroury unites with the copper to form an amalgam. 

^ fcopper-amalgam is plastic when newly made, but becomes hard 
two. It tnay be softened again by immersing it in 
;hoU^^yater or by simply pounding it ; and it is capable of 
819 
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bejng hammered, rolled, and polished. Jt hardens without ex- . 
paijding oj contracting, and on this account makes an excelient^.^. 
stopping for teeth, while at the same time it has the property of, 
rendering the tooth in contact with it extremely hard, tlnfortu- 
nately, however, it is rapidly blackened by sulphur compounds, 
and it is now seldom used. Co})per-a,tnalgam can be used as a , 
cement for metals, and is also used for cementing china and 
, porcelain. 

Cadmium and palladium-amalgams are both employed as dental " 
amalgams, the latter being considered the best amalgam for the 
purpose. c 

Bismuth-amalgam, either in the pure state or with additions 
of lead and tin, is occasionally used for silvering glass. 

Silver- and gold-amalgams arc of sonic interest on account of 
their formation in the extraction of gold and silver from their 
ores. Silver-amalgam is also used for silvering glass. Silver 
au<^ mercury form a definite compound, corresponding to the 
formula Ag 2 Hg 2 . By squeezing the exce.ss of mercury through 
chamois leather an amalgam of fairly nnifonn composition is ob- 
tained. It contains 43*7 parts of silver to 100 of mercury, or 
Ag 2 Hg 2 + 4*6 per cent, mercury. 

Gold forms with mercury a compound AuHg^, and the amalgam 
remaining after squeezing the excess of •mercury through chamois 
leather contains 33 per cent, of gold. ‘ 

Fusible klETALS. * 

The expression “ fusible metal ” is usually applied to alloys whose 
melting-point is below that of tin ; and the alloys possessing^ 
this property may be either binary, ternary, or quate^ary alloys 
of the metals lead, tin, bismuth, and cadmium. The consti- ~ 
tution of the alloys will be suflficiently clear from a oonsiderafion 
of Charpy’s work on the ternary alloys of lead, tin, and bismuth. 
All the metals of th/^ fusible metal group form simple alloys with 
one another, Le. they form neither compounds nor solid solutions, 
but consist of practically pure metals and eutectics. Now, we-, 
know that a eutectic has a lower melting-point than either of the^-' 
metals of which it is composed, and that a triple or ternary eu^eotie , 
has a lower melting-point than a binary, eutectic; so ^hal),' by 
combining three metals of low melting-point in the pfeoj(Orti(Mflj5 
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I forin the eutectic, we mfty obtain ah alloy wHoae 
l^iht ia much lower than that of any of the single metalSr 
by adding a fburth metal a quaternary eutectic of still 
mhl ting-point may be obtained. Heine has collected 
from all available so^urces, relating to fusible alloys, and 
the following table are taken from his list. 


Fusible Alloys. 




Coinposilioii, 


Melting-jioint. 

Lead. 

Tin. 

Bismuth. 

• 

Cadmium. 

' 26*0 

12'6 

60-0 

12 6 

66 r' 


is-s 

60*0 

10*0 

60-68 

26 0 

14-8 

62 '2 

7-0 

68-6 ' ■ 

■ 28-6 

14*3 

60 ’0 

7 1 

70-0 

. 127 i 

10-8 

27-6 

34-5 

760 

8fti 

20 0 

86 '3 

9 ‘6 

80 0 ' 


"Jhe eutectic alloy of lead, tin, and bismuth possesses tjie 
(Property of expanding on cooling, and it is, therefore, used for 
baking impressions, as the finest details are faithfully reproduced. 

• The melting-points of fusible alloys may be still further lowered 
by. the addition of mercury. 


Rabb Metal Alloyp. 

-Pil^iinL—The high price of platinutn is a serious drawback 
t| its use in the form of alloys, but a few of these kre naauufactured 
Jh^ustHally. The alloys of platinum and silver have already 
^^tfwiS^'referred to as dental alloys, and an alloy of 66 per cent/ 
and 34 per cent, platinum is prepared by Messrs Johnson' 
A^tthey asa standard of electrical resistance. A number of 
tattoys of pjatinum and copper have been suggested from time 
;^^mo 4 . ;^Cooper’S'gold, containingf 19 per cent, of platinum and 
of' Copper, is said to be malleable, (^uctile and non- 
P > it resembles ISkjarat gold in appearance. 
tani,&ntaining 10 per cept of iridium is, perhaps, the 
hit alloj^ platinum. It ia now largely used as ode 
t io thermo-couples intended for the measurement. of 

21 
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high temperatures, the other wire bein^ of pure platinum.' "The 
standard metre made for the Parisian Commission of the tntey- 
bational Metrical System in 1870 by Messrs Johnson & Matthey ^ 
consists of platinum containing 10 per cent, of iridium, and was 
adopted as the material for the mamifacture of the standard weights, 
and measures after a thorough trial lasting oyer two years. 

Platinum containing 10 per cent, of rhodium is also used in 
thermo-couples for high-teinperature measurements. 

Among the' rare metal alloys may be mentioned the pyrophoric 
or spark-emitting ajloy of cerium with iron and aluminium. 
These are largely used m automatic cigar lighters. 


Alloys uskh for Eleotrtoal Ke.slstanoes. 

The alloys employed in the manufacture of electrical resistances 
constitute an im[)ortani class, and although their oompusitioii is ;• 
' very variable, it will bo convenient to consider them together in 
the li^it of the property which renders tliem of value, rather than 
separately under the metals of which they are composed. The 
following table gives the resistance in microhms per cubic centi- 
metre of iron and nickel together with a number of higli resist- 
ance alloys used in the electrical industry : — 


Naiiio. 

Description, 

Resistance 
Microhms 
per c.c. 

Iron .... 


ll'O 

Nickul . . . 

German silver 

Containing 7 percent, nickel 

12’3 

18'0 

>J M • ' 

.. 10 „ - „ 

21 -O' , 

i> 11 • • 

,» 20 „ 

29 ’0 

Platinoid . 

M 30 „ 

40*2 ■ 

' 

il-O 

' Tarnac 

Cnpro-niaiiganese 

41 '0 

Manganiu . 

Copper-nickcl-inaiiganei^ ! 

42 to4l8 

Nickelin . 

Copper-nickel 

48*0 

Ferry. . . 

f| 

47-2 

Constantan ^ , 

,, ,, (40 per cent, nickel) . 

60*2 

Eui-eka . . . i 

,, ,, (similar to Coustantan) 

Copjier-manganese 

§ 0‘2 - 

Reaistin 

6(p2 - 

Ferrozoid . . . 

Nickel steel 

84*0 

Krupuin . . . j 

Vestalin , 

„ „ (28 per cent, nickel) , 

’86*0 

„ „ (similar to Kruppin) 


Nickel chrome . 

Nickel-chromium i 

. ^8‘6 \ 

Concordm . 

0 

m : 
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, The figures given in 4.liis table for inaijganin, niokelin, and 
rpsistin, riiust not be regarded as accurate' f(»r all samples known 
Under these names, the composition of tin- alloys la'iiig somewhat 
yariable, as shown by the following analyst's collected fitaii \arious 
sources : — 



The electrical condiMjlivity of alloys has already been reftu'red 
to, and it will be remembeitd that Matlhiessen divided the metals 
into three groups' -(1) Tiiost' whose conduetivity could *be *re 
presented by a straight line mntmg the two pnie molals when 
alloyed together, (2) those; in which the addition of t'jllior metal 
to ^ho other causes a rapid decn ast' m the conrlueti vity, tlins 
giving rise to a U shajx'd curve ; and (3) those in wdiieh the 
decrease in the condueii\it,y of one of the metals is mneh greater 
than 111 the other, tlnis giving rise to an L shaperl enrve. Now, 
on looking at tliB examples ei\cn by Matthiesson m the light of 
our present knowledge of the constitution of allo\s, it will be seen 
that the metals in 'Matthiessen’s first group are the sume as those 
which with regard to thoir frce/diig-point curves l^e (Tiatelicr 
has placed in the first* group of his scheme-— tliat is to say, 
they form a simple senes of alloys with a eutectic. Further, the 
metals of Matthiesseids second group correspond ^ery closely 
to Le Cliatclier’s third group — that is to say, the isomoriihous or 
,S©li(f solution group. And those in Matthiossen’s third groi^ 
^correspond to Le Chatelier’s second group,* We have, there- 
fore, 'a‘ definite relation between the constitution of alloys and 
Fhieir «lebtrieal conductivity. In alloys consisting of pure tuietalsi 
and a epfeectic the conductivity passes gradually from thAt of the 
one metal to that of the other ; in alloys consisting of solid 
solutions Uie cxinduotlvrty decreases rapidly, and rises again rapidly 
Oi? xhe'q^her side ; while in those alloys forming solid solutions and 
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cpm^unds, Hiich as the copper-tin aiie copper-isino aJioy^ 
.conductivity decreases rapidly until the point of saturation' ifi 
reached and then takes a sudden bend and forms an L^sHaped 
curve. Solid solutions therefore possess a maximum elecii'foal 
resistance, and all the alloys in tho tajile on p. 322 consist of single 
homogeneous solid solutions. It is fortunate for the electrical 
industry that the constitution which confers upon these alioya 
their high electrical resistance is also the constitution which 
enables them ‘to be drawn into wire. 
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Aoitard, 91. 

Aich’s metal, 185. 

Ajax bronze, 256. 

Alfeiiide,.218. 

Allotropiochaii^eK in inctrtls, 117. 

Alloy charts, 103. 

Alloys, colour of, 40, 
delinition of, 2. 

ductility of, 44, j 

' early history of, 1. 

electrical condnotivity of, 46. 
hardness of, 44. 
heat of formation ol, 61. 
magnetic, 89. 
malleability of, 44. 

Vothods of prepaiation of, 3. 
microscopical oxarai nation ot, 63. 
non-expansible, 299 
origin of the word, 1. 
pouring and casting of, 27. 

inflnencePof terapmaturo on, 29 
preparation of, by compression, 3. 
by diffusion, 4. 
by electrordeposition, 4. 
by melting, 7. 

by simultaneous reduction of 
metals, 4. 

by .sublimation, 8, • 

properties of, 39. 
jpecifi^ heat of, 43. 
fimary, constitution of, 106. 
thermal conductivity of, 45. 
^hermo-eleoWc power of, 61. 

Al]^ iron, 288. 

Alnnilna^ use of, in polishing, 66. 

Aluminium^ strength of, at high 
temperatures, 119. 
brass, ?14. 

containing iron, 214. 
bronxe, 206. 
constitution of, 206. 
containing nickel, 2^. 

silicon, 213. 
ccjptfaotion of, 212. 


Alitiiiinium* hioiize, ooriosioii of, by 
a>ea w.iLtM, 133 

clfftct of prolonged .miioaling on, 
118. 

inlliienee of lieat treatrnont on, 
209 

rn.inufacliire of, h} Oowle’s pro 
COS'', 4. 

mechanical ])ro})ertu'.H of, 206, 
209. 

nn Iting of, 211. 

season Clacking in, 207. 
copper alloys, 264. 
magnesium allots, 281. 
ni( kol alloys, 267. 

/.inc alloys, 2.67.' 

\inalgam9, .319 
electrical c<»ndii( tivity of, 51. 

Ander.son, 8ir VVilliain, 179. 

Andrews, 63 

Annealing, influence of, 33 
“spontaneous,” 32. 

Antifriction alloys, 241, 
casting of, 246 
causes of lie.iting of, 246. 
classification of, 2J2. 
typical compositions, of 254, 2.5.5, 
2.56. 

Antimony, infhiciice of, on biuss, 1H4. 
lead alloys, 236. 
till alloys, 237. 

Aichbutt, 114. 

Argentan, 218. 

Argiroide, 218. 

Armour pla'#\s, .309. 

Arsenic bronze, 2.5!5a 
influence of, on biass, 184. 

Ashberry metal, 289. 

Atomic volume, relation of, tp com 
pressibility, 31. 

Austenite, 293. 

Bakkr, 61. 
and Lang„87. 
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mo^;x. 


Barnett, 288. 

Bauoke, 245, 248. 

Beanrig.s, cause of heating in, 248. 

Behiens, 6'5, 
anvi B.mcke, 24.5, 248. 

Bell metal, 158. 

Bells, sonic famous, 159. 

Bengough, 118, 178,228. 
and Hudson, 178. 

Bessemer, 112. 

Beta iron, 288. 

Binary alloys, cla.ssilicatioit of, lUl 

Bismuth amalg '.m. 820, 
iiifluenc.e ol, on luass, 181. 
on cojipcr, 1 1 1. 

Boron, use of, as )i deoxulisfi, 28. 

Boudouaid, 282. 

Bousquet, 124. 

Boyle, 91. 

■ Brass, 162. 

burning of, 35, 180 
oalarmno method of maniilaetiiro, 
4, 178. 
cast. 177. 
oistiitg of, 177. 

. consritntion of, 174. 
early histoiy of, 183 
extruded, 182 
lii-ebox stays, 1 22. 

‘‘high,” for eold i oiling, 179 
annealing of, 1 79, 180. 

(fasting of, 179, 
mcc'haiiKa] tieatnnmL of, 17!h 
influence ofunUniony on, 184. 
of arsenic on, 1 34. 
of bismuth on, 184. 

, of casting temperature, 28 
of iron on, 185, 
of lead on, 18‘2. 
of tin on, 183 
“low,” for liut lolling, 178 
maniilacture of, 177 
naval, 1S3 
white, 268. 

Brasses, ecclesiastical, 188. 

Bnnell test of haidness 45. 

Britannia metal, 23S^ 
standard silver, 275. 

Bronze, 141. , 

ancient, 141. t, 
coinage, 16u. 
firebox stays, 121. 
mfiuence ofcohliim mperatureon, 
' 28. 

of heat treatunmt on, 164, 
of iron on, 158 
of lead on, 157. 
of zinc on, 157. 


Bronze^ pla’stic, 260. 

statuary, 159, 

Bull’s raotal, 191. 

Burning of alloys, 83, 

Cadmium, ' amalgam, 820 . 

use of as a deoxidiser, 277. 
Cafaraine method of making hiass, 
^ 4, 176. 

j Calibration of pyromefere, 85, 

(t.ilvert and Johnson, 89, 45, 46. 

( 'amelia metal, 256. 

( farat, definition of, 282. 

C.irbon bronze, 255. 

Cariiot and Goutal, ‘295. 

Carpenter and Edwuids, 206. 288. 

and Keeling, 290, 

Case hardfiiing. 88. 

C.ist lion, 310. 

stcfl, effect of amiealiiig on, 112. 
Casting, iiilluencc of teiiiperarure on, 
27. 

on glass, 66. 
on mica, 66. 

Cenieiitation, 38 
Comen tito, 289. 

Ohahal, 241 

Charpy, 38, 68, 105, 154, 174, 244, 
247, 248, 2.58 

Cliemieal treatmeiii, inlluoiice of^ 418, 
Clieiiioir, 55. 

Chiomiuin steel, 3') k 
iiifliieiieo of heat tieatiueiit on, 305. 
Clamei ^ 253. 

Cla.ssifieatioii of bimiiy alloys. 98. 
Close plating, *279, 

I Comuge bronze, 160. » 

I Cold shoitne.ss, 44. 
j C<iioiir of alloys, 40. 

; Complete frf(v.iiig-iH)int curves, 96. 

I Compounds, metullie, 95, 
i Compre.ssibility of metals, 81 
Compression, piepaiation of alloys 
I by, 3. 

Goncordin, 322. 

Condenser tube.s, etirrosion of, 133. 

; Conductivity, electrical, 46. 

; at low temperatures, 49. 

theniial, 45. 

Constautan, 219, 322. 

I Constituents of alloys, isolation of, 
j by chpmieal means, 62. 

I by mechanical means, 88. 

Constitution of alloys and mechanical 
properties, 91, 
relati(Jp between, 107. , 

Cooling curves, differentia^, 87. 
types of, 84. ^ > 
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Cooper’« gold, 821. , 

Copper; crystal glow til at liigh tem- 
peratures, 118. 

strength of, at vaiyiiig tempera- 
tures, 117, 

alloys, typical com pnm t loiih uf, 22Si. 

typical Bpciticatiuinj, 281. 
amalgam, 819. 

-arsenic alloys, 228. 

for iirebox stay«, 128. 
■magnesium alloy, s, 227. 
-manganese alloys, 22o. 

-nickel alloy.s, 218 
for firebox .stiys, 128 
for locomoti\e boiler liilx-s, 219. 
-oxygen alloys, 227, 

-silicon alIo}H, 228 
-tin allo}s, constitution o|, 99 
jiropei'ties of, 101, i 14 
-/me alloys, constitulmn of, 17 1. 
heat ot fi/i'iiia til'll of, 82 
propel tics of, ]8f). 

Corrosion ot alloys, 128. 
eauses of, 128 

iiilluence of iinpuiitns on, 129. 
types of, 128 
ol eondeiibcr tiibe.s. 188. 
of eo[iper allo)s by amis, 138 
by mine W’atei. 1 8,’). 

• by sea water. Cbl. 
of li .If] pipes l»y watel, r>0 
of steel ami non alloys, 1 10, 

Cuivles’ j)roee.ss, niamilaeiuK of alu- 
minium bion/e I'V -I 
Cr.ickiiig, “soHson,” ol alnnimmni 
bronze, 207. 
ot buss, 180 . 

Groimite, 124 

Cnicilile tuniaees, lift-i'uf 8.' 
oil and gas tiled, 10 
tilting, '9. 

consiirnijtmn ol coke ^y, 9. 
twm-cbambeied, 1 8, 
Cupio-'mugnesiuiii, 227. 

-TTtnrganese, 226. 

-nicktd, 218. 

-siMf’on, 226. 

Damah bronze, 255, 

D’Arcet, 57. 

Debray, 205. 

Decay yf metals and alloys, 130. 
Definition of alloy, 2 
De Fontenay, 189. 

Delta metal, 185, 256. 

coi^’osion of, 135. 

Demar^ay, ^ 

Density y alloys, 89 


Dental alloy, 281 

Deoxulisers usediti melting i>llo\ s, 28 
Denvation ot word alloy, 1 
Do Ituolz, 189. 

Dowar, 116. 

and Klemmg, lib 
Diegel, 188 

1 >ilfcrentiul cooling eur\ es, 87. 
Ditliisioii ot molLm mcials, 58. 
of solid metals, 55 
jiiepaialion o| albn s by , 4. 

Ihy galvam.sii'g 8 
Dill t lilt \ ot allu} ,s, 4*1. 

Dmiias, 297 
I Duii(la,s, 801* 

! Duiulumi#, 288 

boat (leatnuMit ol, 289. 

Diiiana nielal, 1 8f) 

Kaiu Y liistoi) ol alloys, 1 . 

I KeelesiasI a ,il biiisMN, I (itj 
j Kiiwauls, 208, 208 
I Kief (lie till naee.s, 15, 

' Fnek. 21. 

(tiiod, 19. 

111 ! mg, 28, 

I Jli'ioult, 18 , 

1 Kjellin, 21 

j Natliiisim. 10 

„! Roelllmg RoilrlillUUsei , 21. 

Stassaiio, 17 

Kb e,l 1 :i al ( omliiel n ily ol illovs, 48, 

822 , 128 . 

•at Ion 1. inia-MtUli s 1'i 
I'cvi i.inei' alioys, 12 82 1 

1-.5 1 10 deposition, |iie|), nation of 

alloys by, i 

j I'.lcctroniotive lou-e ol s(<Iu(ion, 62, 

I Kleei I oty |ic metal, 240. 

; I'ileelltim, 218. 

I'ii balds 1S5, 

Istchmg ot nneio sections, 86. 
leagents fu noii-tejioiis metals, 67 
lor slerl .nnJ non, 291. 

Kuieka, 322. 

Kiitectic, (tetmition ot, 57. 

Kutectics, stiuetureol !b'). 

Eutectoid, (btinilifm oi, 109. 

Ewing and Itcieiibain, 86, 

E.\tr tided brass, 182. • 

Fahlum bnl!iants^35. 

I Faiaday and Stzjdart, 55. 

I Fcntun,alIoy, 255, 256 
j Ferrite, 289. 

FeiTo-aluminmni silicide, 315. 

-boron, 815 

I -calcium sihcule, 816. 
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Ferro- chrome, 814. 

-maiiCTnese, 313. 
melting of, in electric furnaces, 
23. ■ 

•molybtJciiiiin, 816. 

•phosphorus, 315. 

•silicon, 314, 

-titttiiiuni, 316. 

•tungsten, 315. 

-uranium, 316. 

-vanadium, 316. 

Ferrozoid, 822. 

Ferry, 322. 

Pick’s law, 53. 

Firebox stays, alloys tised for, 120. 
aluminium bi ui/e, I'il. 
biasH, 122. 
bronze, 121. 
copper-arsenic, 121. 
ciipi'o-manganosc, 123. 

-nickel, 123. 
phosphor bronze, 121. 

Frick electric furnace, 21. 

Furnaces, crucible, 8. 

* tilting, 0. 
electric, 16. 
roverboratovy, 7, 

Fusibility, suifaco of, 105. 

Fusible alloys, 320. 

Galt, 61. 

Gamma iron, 288. 

Gautier, 96, 205, 218, 285. 

Gerardin, 52, 

German silver, 218, 
composition of, 221. 
constitution of, 221. 
containing Hlumimuni, 221. 

magnesium, 224. 
influence of impurities ou, 223. 
manufacture of, 25, 223. 
solder, 226. 

Gibb’s phase ruje, 106 

Girod electric furnace, 19. 

Gladstone, 61. 

Gold amalgam, 320. - 
coinage, histoiy of, 283. 

standards, 284. 

•copper alloys, 28 2< 

^silver alloyj, 285. 

Goldschmidt thermit proees.s, 5. 

Goodman, 287. 

Graham, 68, 91. 

Graney bronze, 266. ^ 

Gi'aphite, condition of, in cast iron, 
.• 810. 
metal, 264. 

Qpillaume, 297, 299. 


Guillemin, Iwz. 

Guillet, 154, 200, 206, 2l4, 226^ 
299, 303, 310. 

Gun-metal, 158, 

Admiralty mixtures, 229. 

specifications, 231, 
melting ,in reverberatory fur- 
naces, 8. 

Guthrie, 66, 66, 67, 80. 

Hadfield, 116, 801, 808. 

Hadfield’s manganese steel, 803 
Hall marking, 276. 

Hallock, 65. 

Hardness of alloys, 44. 

Harrington bronze, 256. 

Heat ot combination of metals, 61. 
of copper-zinc alloys, 62. 
of formation of oxides, 6. 
tinting, 67. 

Heated beuiings, causes of, 246. 
Heine, 321. 

Hercules metal, 214. 

Bering electric furnace, 28. 

Heroult electric fiiniaco, 18. . 
Herschkowitsch, 153, 176. 

Heiistler, 90. 

Heyoock and Neville, 41, 58, 92, 99, 
260, 271. 

High brasses, 179. 
casting of, 179. 

‘ mechanical treatment of, 179. 
speed tool steel, 809. 

Hill, 228. 

Hiorns. 221. 

Hogg, 90 
Hopkins, 241. 

Hopkinson, 297. 

Howe, 63, 140. 

Howorth, 114 
Hoyles metal, 25 

Hudson^ 178. 

Hughes, 115, 124, 262. 

Humphreys. 65. 

HydrochloTio acid, c.)rrosion ofullovs 
by, 137. 

Hy (1 rogen , i n fl iience of, on steel 4lmi ng 
pickling, 87. 

Hyper-eutectic steels, 290. 
Hypo-eutectic steels, 289. 

Hysteresis, 89. 

luEWSKr, 294. 

Illuminators for microscopy, 70. 
Inimadiura bronze, 204. 

Tmpuritms, influence of, on metals, 

112 . 

Invar, 299. 
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allotrotio changes in, 117. 

. ijJloys, 287» 

* jQ^bonyl, 8. 

inBuenceof, on brass, 186. 
■isolation of constituents of alloys, 62 
Isomoj-phism, 97. 

Jacoby metal, 251 
Japanese art mebil work, 41. 

Jars, 276. 

Johnson and Matthey, 821. 

Juptnov, Baron, 293. 

KabMabsoh metal, 264.* 

Kelvin, 61. 

Kjellin electric I'urnace, 21. 
Kourbatoflf, 294, 

Kruppin, 322. 

Kiinzel, 189. 

Lafond alloy, 266. 

Lang, 37. 

Lantaberry, 269. 

Lattens, 163. 

Laurie, 62, 152. 

Lead, influence of, on brass, 182. 
on copper, 111. 

•antimony alloys, 236. 

^ipes, corrosion of, by water, 130. 
ftin alloys, 234. 

LeBlant, 122. 

Le Chateher, 32, 49, 63, 68, 89, 96, 
117, 174, 206, 823. 

Levelling of micro-sections, 69. 

Levol, 67, 271! 

Linotype metal, 237, 240. 

LiqnakioD, 66. 

of standard silver, 276. 

Liqaidus curve, 99. 

Locomotive boiler tubes, copjxo 
nickel, 219. 

Lodge, 68, 153, 

Longmuir, 29. 

Low bi'asses, 178. 

Lumen metal, 256. 

Lyni^h, 249. 

Mach, 262. 

MagnAlium, 261. 

Magnetic properties of alloys, 89 
Jlagnolia metal, 254. 

Maulechort, 218. 

MaUlet, 218. 

Halleabilily of alloys, 44. 

Mallet, 89. 

Mtangauese'bronze, 200 t 
containing nickel, 204. 
coTlosion of, by sea water, 134. 


Manganese bionzo, firebox stays, 123. 
propellers, ewsion of, 204. 
steels, 802 

sulphide in steel, 112, 295. 

Maiigauin, 322. 

Maigruff alloy, 254. 

Martens, 63. 

Martensite, 289. 

Matthey, 68, 276 

Matthiesaen, 89, 46, 47, 49, 91, 287, 
8 .^ 3 , 

Matweef, 88. 

Mechanical propcrli5s and constitu- 
tion, relatuni between, 107 
tioatnientj influejico of, 31. 

Molloid, 191. 

Mercklcin, 57. 

Mcrget, 91. 

Metal boMcis foi niicroseo}»y, 69, 
70. 

Metallic compounds, 95 
oxides, heat of formation of. 0. 

Metals, allotrojnc changes 1 ) 1 , 117. 
elcotromotive lorcc of solution of, 
62. » ' 
heat of combination of, 61. 

Mica, casting on, 66. 

Micrometci micn^scope, 79. 

Miciohcopes, 72 
horizontal, 73 
stereoscopic, 79 
vcitical, 78 

Microscopical exiimi nation of alloys, 

68. 

Micio sections, etching of, 66. 
he.it tinting of, 67. 
levelling of, 69. 
mounting of, 69. 
polishing of, C8. 
systematic exainiimtiou of, 68. 

Milton and Larke, 182 

Minofor, 289. 

Mirror illuminator, 70. 

Mizu-nagashi, 48. 

Mohr, 61. 

Mokum4, 48. 

Molybdenum steel, 308. 

Monel metal, 5, 220. 

Monotype motal, 237, 240. 

Moulds, 30. * 

Muntz metal, comjm'sition of, 178. 
constitution of 178, 
influence of heat treatment on, 
178. 

rolling of, 178. 

Mushet, 11 2. 
steel, 306. 

Musschenbroek, 91, 
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Nathusii'B pleotnc fuvimcp, 19 
Niival brai'a, ]8I3. 

Ncu-silvor, 21 h. 

Nevada silver, 21M. 

Nickel, alloLiopy of, 117 
caihoiivl, ii. 
iron alloys, ‘2!»7. 

'' com|iosilioii ol, 302. 
silver, 218. 
steel, 297. 

infliienco of he.it (ir,iliiii iit on, 
301. 

Nou-exi)aiiHilili Alloys, 299. 

Non is, 210. 

Nozo, 211. 

« 

Obauii, 52. 

Osborne Rcvimlds, 241. 

Osmond, 03* 89, 2H8, 293, 297. 302,303. 
Oxidation, pievention ol, diimig 
meltinp, 20. 

Oxides, heal of foiinatinii of, C 
inlhieiiec of, in nielling, 29. 
on corrosion, 129 

Packfono, 218. 

Palladimn amalgam, 320. 

ParkoH, 201 
Paikinsoii, 201. 

Parson.s’ niaiigaiiese bioiize, 201. 

white brass, 250 
Pailiniiirn, ^00. 

Patina on bronzes, 42, 159, 

Pattinson jnoeess, 56 
Pearlite, 109, 289, 

Percy, 183, 205 
PoAvler, 235 
Ph.iKo rule, 106. 
rhilip, 138. 

Pho'^phoi-bioiize, 189, 
oast, 190, 

constitution of, 192. 
containing lead. 194 
conosion of, l>y sea vvatoi, 134. 
firebox stays 121. 
malleable, 190. 
tests of, 19.5. 

•copper, constitution of, 225, 
manufacture of, 22C. 

-till, 189 

Phosphorus, as a deoxidi.sei, 189. 
condition of, in cast iron, 812. 
in stool, 295 

influence of, on copper, 110. 
Photo-microgiajdiy, 72. 

Pickling, 36. 

alteration in compo.sitioii caused 
. by, 38. 


Pickling, infliionec of liydrogeu 
evolved duiing, 3i?l 
Pineb effect, 23 
Plastic bronze, ‘250, 2.55. 

Platimte, 299. 

Platfnoid, 224, 322 
Platinum iiidmni alloys, 321. 
•ihodiuni alloy.s, 322. 

'Sliver alloys, 321. 

» Platnam, 221. 

Plumbers’ solder, 235. 

Polishing 111 lelief, 66, 
inethotls ofj 63 
powdeis, pieparation of, 65, 

Potosi .silvei, 

Pouiingaml casting of alloys, 27. 
Piejiaiatioii ol alloy.s by compiesajon, 
.3 

by diffusiiin, 4. 
by elettio deposition, 4. 
by melting, 7 
by reduction of iiictaN, 4 
bv sublimation, 3 

Piesi'i \alioii ol polished siii f.uie.s, 68 
Pnmiose, 8. 

Piism illuminator, 70. 

Projicities of alloys, 39. 

Piotectivc coatings, 131. 

Pyiometeis, calihration ol, 85. 
lesistance, 81, ‘ 

Roheits- A listen k cording, 83. 
Ihermo-eloetiic, <81. 

Pyiophoiic alloys, 322. 

(,)lJATKRNAUy steels, 368 
hlueen’s metal, 289 
Qiieiii hing, 35 < 

influence of, on bioiize, 154. 

Raoult, 92. 

Raie metal alloys, 321. 

Kate of cdohiig, inlluenw' of, 29. 
Rayleigh, 51. 

IveaKcnts for etching nolislied aur- 
face.s, 66, 67 
Reaumur, 91 
liecale.scenco point, 288. 

UccoiJing pyromelt‘ 1 ', 83. 

Red slioitness, 44. 

Regnault, 43. 

Reichert micioscope, 77. 

Reinders, 239. »> 

Relation between const ituentfi and 
piopeities, 107. 

Relief polishing, 66 
Rennie, 2^1 

Resilience, 45. i' 

Resistance pyrometer, 81. ^ 
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Ilosistin^ S22. 

Keveibei^toiy fuina('<»s tui melting 
tilloys, 7. 

cnnsuniption of coal m, 7. 

Rhodin, 

Rielie, 39 
RidBdale, 311. 

Roberts A listen, 1, 10. 41, .'*‘2, 53*65, 
66, 57, 60, 63, 8.t, .^7, 

174,211,271,282, 283,28.'.,, 
287. 

Itoohling-RoilenliiiUbei electnc fiii- 
nace, 21. 

Roo/.ebooTn. 107, 290. 

Rose, 33, 28(1, 282, 285. 

Rosenlmin, 66, 2!il 
utid Au'liliutt, 257. 

Rouge, Use of, in jiolisliing, 65. 

Riiolz, 221. 

Saloe metal, 256. 

Salomon 211. 

Saiidbeig, 307 
Saposhnikdll, 44. 

Sauveur, 290. 

ScliPitel,' 285 
Scliimptf, 44, 

SclerumetiM, baldness le'-i, 45 
Seleroseope, hauine.ss test, 45 
S(^ wall 1 , CO] msion o1 iillo^ > by, 133. 

“ Season cmeking,’' 32 
in aluminium broii/c, 2u7. 
in brass, 180, 

Shaku do, 11. 

Sbcibeld [ibito^ 278. 

Slieplioid, 174, 175, 257 
SheMfdising, 3. 

' Shibu-ichi, 41. 

Silioate,s 111 steel, 114. 

Silicon, condition of, in cust non. 31 1 
in steel, 114, 29.5. 

^spiegol, 318. 
steel, 807. 

Silico-sulphide slag HI cast steel, 112. 
Sil4^r amalgam, 320 
•cadmium allo} s, 280 
Oilnage .standaids, 272. 

-cop})ci alloy.s, 271. 

German. 218. 

Silvorite, 218. 

Sllveroid, 218. 

Silver.plate standards 272, 
Silver-platinum alloy.s, 281. 

Boldeis, 277. 

•tin alloys, 281. 

Simultaneous 1 eduction gf me'als, 

. piepaiation of alloys by, 4, 
Slag in |teel, 114, 295. 


Slide valves, ellect ol qiicmdiiiig on, 

114. * 

Wear of, 115. 

Smith, 278. 

Solder, elei incal, 240. 
tleim.iii silvi 1 , 225. 
pliinib( Is’, 235 
silvci, 277. 
tiiisiinilis’, 235 
Solid snlullOlls 113 
mm IioiiK g. m i n'-, 0 1 

stuictuK' nl. ') 1 

Sdluliis cm \ e, 1*9 
Soiblte 203. 

Soili\ , 6 • 

Soi by i;<»'k illiimiii iloi 70 
Spi cilic In at ot all'i} s, 13. 

Speculum metal, lol. 

Speiiy, 184, 213 
Spicgeleiscji, 5, 31 ! 

Spontanciais aniH .ilmg, 32 
S])iingg 3, 55, 02 
Standaid gold,^ 283 
nil lliiig ol, 28 1 
sihei, casting n(, 20. 

Iniualum of. 275. 
melting ol 276. 
ti i.il pl.iic.s, 275. 

Sl.nidaids loi ^ilvii coinage, 272 
l"i sil\er j)l,Uc, 272, 

St Hislicld, 60. 

StasH irio clcol 1 1C lui mice, i 7 
Slat nary bioii/i 159. 

Stalucs, Citinposit 1011 ol smiic ceb 
biatcd. ]o0. 

Steail, 63, 67, 312. 

Sieieosc .pic mn iieciqc'st 79. 

Steiling silvci , 273. 

manulacture ot, lu Amciica, 277 
Stei lo-nictal, 185. 

Stilling, 201. 

Stodart, 55 

Strength of alumniium at high tern 
peialmc.-, 119 

of coppei at Ingb Icnipei iLuie.,, 123. 
Sublimatnm, [ncpualion ufallo^s bv, 
3. 

Sul[ihur in steel, 295 
in cast 11 or^ 311, 

Sulphunc acid, conoj«.m ot alloys liy, 
1,36 

Surface of fusibility, 105 
Sui fusion, 85 

.Systematic examiiTatnm of mnro- 
sectioiis, 68. 

Tandem metal, 254. 

Tantiron, 807. 
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Taniftc, 322, 

Temyoratiiro, iiiflIloiK'c of, on alloys, 
116. 

Tempeniie, 36. 

Tfi'uary uTloys, constitution of, 105. 

Thcnniil conductivity of alloys, 45, 
treatment, in 11 uencc of, on alloys, 33. 
on steel, 36. 
on steel castin^.s, 1 1 2. 

Thermit rcduclion niamifacture ot 
alloys hy, 5 

Therrao-ek’ctiie jtow.o itf alloy.i, 61. 
pyronieleiN, 81'. 

Thurston, 241. 

Tilting furnaces, coke tiivd, t», 
gas filed, 10. 
oil lired, 12. 

Till, ailotro})!'. changes m, 118 
amalgam, 3 If) 

•antimony alloys, L'37 
inllueiiC" of, dn cupper, IJU 
on hi ass, 1 , 83 , 
on filjosphoi eo)>pei, 113 
-lead alloys, 234. 

Tuwmitas' solder, 23.6. 

Tobin bronze, 256. 

Tool steels, 3o6, 

Trial plates, 275 

Triple alloys, 106 

TioosUte, 202 


Tungatin steolsi, 806. 

Turner, 46. 

and Murrey, 269. 

Twinning of metallic crystals, 94 
Type metal, 236, 

Types of cooling curves, 84. 

Vasadium bronze, 216. 

.st(*e], 308 
• Van’tlM, 94. 

Vestaliii, 322. 

Viiginia silver, 218, 

Wkbb, 120. 

Wedding, 63. 

Weiss. Kiipfer, 218. 

While brass, Pai sons’, 2.56. 

copjioi, 218, 

Willow.s, 52, 

Wohler, 261. 

Yahuow, Me.ssis, k Co , 264. 

Ziii.sH, photomicrograpluc ajipaiatus, 
72. ' ' 

/eiigliolis, 156 

Zinc, atlotiojiic chdiiges in, 118, 
-uluminium alloys, 257. 

Zisiuin, 258. 

Znkou, 258 


I'RlSTtO IN UREAI UaiTAlN BV NtiU. ANP CO., LTIN. SMSaUKlSlt 









Aluminiam-oobalt Alloy containing 10 per cent. Cobalt, showing Idiomorpbic 
Crystal of the Compound AlgCo. x 1000. 

Nn p. 





Fringe of Phospho-carbide Eutectic in Grey Iron. ,^000. 



Gun-/!iftal containing 12 per cent, of Tin, slowly coolc<i. 


100 . 



SnCu^ Constituent in Gun-metal containing 12 jx;r cent, of 't’in. 

Heat tinted, x 1000. ' 

« No. 11. 




Muntz Metal, rolled, x 100, 
No. 13. 



Civjt Phosplior-hronze ooiitaininp; 10 per cent of Tin and 0*7 per 
cetit. of Phosphoi us. x 100. 

No. 14. 



Cast Phosphor-bronze containing 10 per cent, of Tin and r5 per, 
cent, of Phosphorus, x 100. 

No. 15. 





Cast Pli()^>lior-broii7^ cont.iiniiif' 1 '5 |h'I cent Plia‘y)li()rus. Heat-tiiitcd 
Tho (luric constituent is the phosplinle. x 100(). 









Manganese-bronze, rolled, x 100. 

No. 21. 





100 . 


“ Imniadium I.” Hi ouzo, x 
No. 23. 




“ Inimadmm II.” Bron7e. x 100. 
No. 25. 











Aluffiniium-tirc »izc containiii}; 7 Ti iicrceiit. of Aluinnmnii. Siinn' 
fjh No after All neal wig • x 10. 




Aluniinium-bronze containing 7 '6 per cent, of Alun^inium. Same as No. 30, 






Alunjjaiuni-bronz^ containing 10 jier cent, of Aluminium, showing 


the /3 Constituent, x 1000 




50. 


Tiii-copper-antimony Bearing Aletal. x 
No. 36. 







Mild Steel, unetched, showing Sulphide of Manganese (the lighter constituent) 
. and Silicate of Iron, x ICOO. * • 

No. 39 





























Cast Steel showing Network of Silico-sulphide Steg. x 100. 
No. 56. 











Section of copper liiehox containing 0 12 pci cent. o\}^ 0 'n and 0 1'‘ pei 
<11 seme, polishcd*l)iit unetclicd, showing copper o\ide. x 100^ 

No G.'i. 






